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Abstract
Background: Long-term weight maintenance after weight loss is challenging, and innovative solutions are required. Digital
technologies can support behavior change and, therefore, have the potential to be an effective tool for weight loss maintenance.
However, to create meaningful and effective digital behavior change interventions that support end user values and needs, a
combination of persuasive system design (PSD) principles and behavior change techniques (BCTs) might be needed.
Objective: This study aimed to investigate how an evidence-informed digital behavior change intervention can be designed
and developed by combining PSD principles and BCTs into design features to support end user values and needs for long-term
weight loss maintenance.
Methods: This study presents a concept for how PSD principles and BCTs can be translated into design features by combining
design thinking and Agile methods to develop and deliver an evidence-informed digital behavior change intervention aimed at
supporting weight maintenance. Overall, 45 stakeholders participated in the systematic and iterative development process
comprising co-design workshops, prototyping, Agile development, and usability testing. This included prospective end users
(n=17, 38%; ie, people with obesity who had lost ≥8% of their weight), health care providers (n=9, 20%), healthy volunteers
(n=4, 9%), a service designer (n=1, 2%), and stakeholders from the multidisciplinary research and development team (n=14,
31%; ie, software developers; digital designers; and eHealth, behavior change, and obesity experts). Stakeholder input on how
to operationalize the design features and optimize the technology was examined through formative evaluation and qualitative
analyses using rapid and in-depth analysis approaches.
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Results: A total of 17 design features combining PSD principles and BCTs were identified as important to support end user
values and needs based on stakeholder input during the design and development of eCHANGE, a digital intervention to support
long-term weight loss maintenance. The design features were combined into 4 main intervention components: Week Plan, My
Overview, Knowledge and Skills, and Virtual Coach and Smart Feedback System. To support a healthy lifestyle and continued
behavior change to maintain weight, PSD principles such as tailoring, personalization, self-monitoring, reminders, rewards,
rehearsal, praise, and suggestions were combined and implemented into the design features together with BCTs from the clusters
of goals and planning, feedback and monitoring, social support, repetition and substitution, shaping knowledge, natural
consequences, associations, antecedents, identity, and self-belief.
Conclusions: Combining and implementing PSD principles and BCTs in digital interventions aimed at supporting sustainable
behavior change may contribute to the design of engaging and motivating interventions in line with end user values and needs.
As such, the design and development of the eCHANGE intervention can provide valuable input for future design and tailoring
of evidence-informed digital interventions, even beyond digital interventions in support of health behavior change and long-term
weight loss maintenance.
Trial Registration: ClinicalTrials.gov NCT04537988; https://clinicaltrials.gov/ct2/show/NCT04537988
(JMIR Hum Factors 2022;9(2):e37372) doi: 10.2196/37372
KEYWORDS
eHealth; weight loss maintenance; behavior change; persuasive technology; digital health interventions; design thinking; co-design;
Agile development; human-centered design; mobile phone

Introduction
Background
Healthy lifestyle and behavior changes are difficult to initiate
but even more challenging to sustain over time [1]. There has
been an increase in lifestyle-related diseases such as obesity,
cardiovascular diseases, and diabetes worldwide [2-4]. The
estimated number of people with obesity nearly tripled between
1975 and 2016, with >650 million adults with obesity (BMI≥30
kg/m²) worldwide in 2016 [5]. Similarly, the number of people
with cardiovascular diseases increased by >50% in the period
from 1990 to 2019 [6], and people living with diabetes increased
by >60% in the period from 2009 to 2019 [7].
For people with obesity, weight loss may be difficult; however,
maintaining weight after weight loss appears to be even more
of a challenge [8], and several factors (eg, environmental,
biological, behavioral, and cognitive) [9-12] contribute to the
complexity of this health problem. The impact and burden of
obesity on an individual are substantial and multifaceted, as it
can affect both health and well-being, with an increased risk of
medical conditions, premature mortality, and reduced quality
of life [13,14].

The Challenge of Weight Loss Maintenance
Lifestyle interventions focusing on diet and physical activity,
as well as behavioral and cognitive strategies, are widely
recommended for obesity management [12,15-20]. However,
even when weight loss is achieved, mechanisms such as
increased hunger, reduced energy expenditure, and reduced
satiety frequently contribute weight regain [10,17]. As much
as 30% to 50% of the initial weight that is lost during lifestyle
interventions is often regained during the subsequent 2 to 3
years [21], and few manage to maintain their lost weight in the
long term [22]. With several factors contributing to weight
regain [9,10,23], solving the weight loss maintenance challenge
appears to be a complicated endeavor.
https://humanfactors.jmir.org/2022/2/e37372
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Health behaviors and self-regulation play central roles in weight
loss and weight loss maintenance [24,25]. Implementing
sustainable and feasible behavior change and self-regulation
strategies into daily life takes time and effort, and finding ways
of initiating and maintaining behavior change over a long period
is a complex undertaking [26].
Health behaviors also change over time and are often person
and context related (eg, individual motives, habits, and social
and environmental factors) [23,26]. With many people failing
to maintain weight after initial weight loss, innovative
approaches for long-term behavior change and weight loss
maintenance are needed [10,27].

Advantages and Challenges of Digital Interventions
Digital interventions are increasingly being used to promote
healthy lifestyles and improve health outcomes [28-31] and can
be an accessible and feasible way of supporting behavior change
through its availability and scalability. A digital health (ie,
eHealth) intervention can be defined as a digital technology
focusing on intervening in an existing situation aiming to change
health behavior [29]. The potential of evidence-informed digital
technologies supporting weight loss maintenance may be
significant, as digital interventions can overcome the time and
place barrier and adapt to a person’s context, needs, and
preferences [32], consequently offering people the support
needed for sustained behavior change [29,33].
Research exploring technologies for weight loss maintenance
support is still at an early stage, and little is known about their
long-term effectiveness, as few evidence-based eHealth
interventions are available [34,35]. In addition, little is known
about potential changes in user needs over time and how digital
technologies can support end users in maintaining weight in an
optimal manner for long-term behavior change [32]. In fact,
knowledge is lacking on how to translate persuasive system
design (PSD) principles and behavior change techniques (BCTs)
into design features when developing digital interventions aimed
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at facilitating continued health behavior change and weight loss
maintenance [35].

Development of Innovative Solutions for Sustainable
Behavior Change
An important factor for the success of digital health research,
development, and implementation is the early involvement of
end users and other key stakeholders in the design and formative
evaluation of a product or technology [29,36-39].
Human-centered design approaches such as design thinking
[40,41] can be combined with principles from Agile software
development [42], stimulating the collective creativity of end
users and other key stakeholders (eg, designers, developers,
researchers, and experts) for the rapid development and
evaluation of digital health interventions [31,43-45].
Design thinking is an approach that emphasizes understanding
and empathy with end users, multidisciplinary collaboration,
and iterative involvement of stakeholders through generation
of creative ideas and action-oriented rapid prototyping to create
desirable, feasible, and viable innovative solutions [40,46].
Agile software development is a flexible approach that
emphasizes active stakeholder involvement through rapid
iterations to test assumptions and validate possible solutions to
quickly learn and adapt to changes in needs [42]. Combining
these design and development methods could therefore be a
time- and cost-effective approach to explore and validate
whether an innovative solution is desirable (ie, what users and
stakeholders want) [40,42,43,47] and whether it solves the right
problem (ie, meet user and stakeholder needs) for a
problem-solution fit [48].

Translating PSD Principles and BCTs Into Design
Features
To support long-lasting behavior change through digital
technologies, the design needs to support the user in adopting
sustainable behaviors related to their individual goals and values
[31,32]. Although goals relate to something a person would like
to achieve, values can refer to what a person considers important
in life [49], reflecting end users’ ideals or interests [50]. As
such, values can be defined as the main drivers of behaviors or
high-level needs [32]. Therefore, finding a solution that can
help address end users’ goals by taking their key values and
needs into account is important to create meaningful and
effective eHealth technologies in support of continued health
behavior change.
Complex interventions, such as digital behavior change
interventions, usually consist of many active ingredients or
interactive components [51-54] and can be designed to facilitate
motivation and adherence to healthy behaviors [35]. PSD
principles and BCTs can be such active ingredients or building
blocks of digital behavior change interventions. To design
motivating and effective digital technologies, integrated PSD
principles and BCTs should match end user values and needs
[32]. PSD principles are designed to influence users’ attitudes
and behaviors [55] and can be applied to match user profiles to
motivate and trigger health behavior change in the design of
technologies [35,55,56]. By contrast, BCTs are designed to alter
or redirect causal processes that regulate behavior [51,52], can
https://humanfactors.jmir.org/2022/2/e37372
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be applied to any intervention focusing on behavior change to
improve the health and well-being of people [29], and can be
applied to daily life without technology [32]. As such, the PSD
principles and BCTs overlap and complement each other
[29,35]. Theoretical principles from the PSD model by
Oinas-Kukkonen [55] and BCTs from the Behavior Change
Taxonomy by Michie et al [52] can be translated into design
features during the design and development of digital behavior
change interventions to meet end user values and needs [29,32].
Such combined PSD [55] and BCT [52] features can be
embedded in a digital application with the specific aim of
forming, altering, or reinforcing healthy attitudes and behaviors
[57].
However, research involving digital behavior change
interventions often fails to clearly show how theories and
techniques of behavior change have been combined and applied
to design and practical delivery forms [31,35,57-61]. There
appears to be a lack of theoretical frameworks and specifications
of design features when reporting on digital interventions. It is
often unclear which design features, PSD principles, and
behavior change strategies are most effective in meeting end
user values and needs and how they influence health-related
outcomes, including weight loss maintenance [29,35,52,62-64].
In response to these gaps, the current research group performed
a scoping review and a qualitative study aimed at identifying
PSD principles and BCTs from eHealth interventions applied
in existing weight loss maintenance research [35], as well as
key values and needs related to what people want for
maintaining weight and why [32]. The scoping review [35]
identified PSD principles [55] (eg, self-monitoring, reminders,
rewards, tailoring, personalization, and praise) and BCT
clusters [52] (eg, feedback and monitoring, goals and planning,
repetition and substitutions, social support, associations, and
shaping knowledge) applied in eHealth interventions to stimulate
adherence, motivation, and weight loss maintenance. The
technology characteristics of existing eHealth weight loss
maintenance interventions were usually supported by mobile
phone technology, sometimes in combination with an activity
tracker and wireless scale [35]. The subsequent qualitative study
(ie, individual and focus group interviews) identified key end
user values of people with the aim of maintaining weight loss
in the long term (ie, autonomy, self-management, motivation,
personalized care, happiness, health, feel supported, and positive
self-image), as well as PSD principles and BCTs that might be
essential to include in eHealth interventions to meet end user
values and needs [32]. The findings indicated that the most
successful and promising eHealth weight loss maintenance
interventions entailed a combination of both PSD principles
and BCTs [32,35]. The studies overlapped in findings [32,35];
however, some less frequently applied PSD principles (eg,
rehearsal) and BCTs (eg, identity, self-belief, and natural
consequences) were identified in the qualitative study, which
might be of importance to support end user values and needs
to prevent weight regain in the long term [32]. The qualitative
study also highlighted the tailoring and personalization of digital
interventions to address the often multifaceted and dynamic
changes in individual needs over time (eg, related to behaviors,
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thoughts, and emotions) for continued health behavior change
[32].
The results from these recent studies strongly suggest that the
process of translating end user values into design features, as
well as the exploration of how PSD principles and BCTs can
be combined and implemented, are important parts of the design
and development processes when aiming to create motivating
and engaging digital interventions to support sustained behavior
change and weight loss maintenance.

Objectives
The overall aim of this study was to investigate how digital
technology can meet end users’ values and needs by exploring
and validating design features (ie, the combination and
implementation of PSD principles and BCTs) through iterative
design, development, and formative evaluation of a digital
intervention called eCHANGE.

Asbjørnsen et al
The following describes how 2 theoretical frameworks [52,55]
targeting motivation and behavior change can be combined with
applied innovation methodologies, such as design thinking
[41,65] and Agile development [42], during the design of digital
behavior change interventions. The findings show the
development of digital technology aimed at facilitating
sustainable behavior change to maintain weight after weight
loss. The main research question of this study was as follows:
how can an evidence-informed digital behavior change
intervention, combining and implementing PSD principles and
BCTs into design features, be designed and developed to support
end user values and needs for long-term weight loss
maintenance?
For this study, design features for (sustainable) behavior change
were defined as the combination of PSD principles and BCTs
embedded in a digital intervention, with the specific aim of
supporting end users’ (ie, target users) values and needs to
facilitate sustainable health behavior change (Figure 1).

Figure 1. Design features for sustainable behavior change.

Methods

development process to optimize the fit between values and
needs, technology, and context [36].

The Double Diamond Framework and the Center for
eHealth Research and Disease Management Roadmap

This study focused mainly on the second diamond of the Double
Diamond process (ie, develop and deliver; Figure 2) [66],
particularly the Design and Operationalization phases of the
CeHRes Roadmap, including formative evaluation to gather
input to improve the intervention [29,36].

To develop and deliver a digital intervention aimed at supporting
long-term weight maintenance following weight loss (ie,
eCHANGE; ClinicalTrials.gov NCT04537988), the process
was guided by the Double Diamond (ie, design thinking process)
[65,66] and the Center for eHealth Research and Disease
Management (CeHRes) roadmap [29,36] (Figure 2 and
Multimedia Appendix 1 [36,66]). In addition, refer to the study
by Asbjørnsen et al [32] for additional background and details.
To improve the uptake and impact of digital technology [29],
multidisciplinary collaboration, human-centered design
approaches such as design thinking and service design [41,46],
Agile software development principles [42], and formative
evaluation were integrated into a systematic and iterative
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During the Design phase [36], the aim was to explore how
digital technology can be developed and to validate which design
features meet end users’ values and needs to support long-term
weight loss maintenance. Knowledge, insights, and ideas from
previous studies [32,35] were translated into prototypes through
co-design workshops [41], rapid prototyping [46], and user
testing [29] with end users and other key stakeholders. PSD
principles from the PSD model [55] and BCTs from the
Cross-Domaine Taxonomy (version 1) by Michie et al [52] were
combined and implemented into design features during several
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iterative cycles, providing ongoing information on how to
address end user values and needs [32] (Figure 1).
The Operationalization phase [36] included Agile software
development (ie, Scrum development sprints) [42] and testing
of the digital intervention and focused on how the technology
could be delivered and further improved to prepare for a
feasibility pilot trial [29]. The PSD model [55] includes 28
individual PSD principles, which are categorized into 4
categories: primary task support, dialogue support, system
credibility support, and social support. In comparison, the

Asbjørnsen et al
Cross-Domaine Taxonomy by Michie et al [52] comprises 93
distinct BCTs divided into 16 theory-independent clusters. The
2 frameworks applied to target behavior change [52,55] can
facilitate standardized reporting of the PSD principles and BCTs
embedded in a digital behavior change intervention.
In line with the iterative approach to eHealth development [36]
and the Medical Research Council guidance for developing and
evaluating complex interventions [54], the data collection,
analysis, and results were intertwined throughout the design
and development processes (Figure 2).

Figure 2. The Double Diamond [66] and the Center for eHealth Research and Disease Management Roadmap [36] combined: a design thinking process
for eHealth design and development.

Multidisciplinary Research and Development Team
Digital intervention development involved a multidisciplinary
research and development team and was led by the study
principal investigator (PI; LSN), a clinical psychologist with
health psychology specialization and long-standing experience
with digital behavioral interventions. The multidisciplinary team
(14/45, 31%) entailed key stakeholders identified through
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stakeholder analysis [32] with diverse professional backgrounds
and expertise, including researchers and clinicians in obesity
and weight management, behavioral science, and eHealth;
content editors; a digital designer; and software developers. In
addition, a service designer was involved in facilitating service
design workshops. Table 1 provides an overview of the
multidisciplinary research and development team members,
including their expertise.
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Table 1. Overview of the multidisciplinary research and development team background and expertise (N=14).

a

Total number, n Obesity expertise, n

eHealth expertise, n

Behavioral and clinical health
psychology expertise, n

Licensed health

Grouping
Health care researchers

6

2

4

2

6

Content editorsb

3

0

3

0

2

Design and software team

5

0

5

0

0

care providersa, n

For example, nurses, medical physicians, health psychologists, and physical therapists.

b

1 content editor acted as product owner during the development phase.

Recruitment of Study Participants: End Users and
Other Key Stakeholders
End users were defined as people aged ≥18 years with a BMI
of ≥30 kg/m2 [67] before weight loss (ie, who had lost ≥8% of
their body weight through a low-calorie diet or behavior change
program) who were in need of support to prevent weight regain.
People who met these criteria and were able to speak and read
Norwegian were invited to participate in this study. Recruitment
was conducted at 3 secondary or tertiary obesity research and
treatment centers (ie, hospitals) in Norway through convenience
sampling. In addition, end users who participated in a prior
formative study [32] and a group of healthy volunteers were
invited to participate in usability testing. To compensate for
time spent and potential costs (eg, parking and transport), the
study participants (ie, end users and healthy volunteers) received
a gift certificate (ie, approximately US $25 and US $50 for
individual testing and workshops, respectively).

change and obesity experts) were recruited based on
convenience sampling through the collaborating obesity research
and treatment centers.

Ethics Approval and Informed Consent
This study was approved by the Hospital Privacy and Security
Protection Committee (ie, institutional review board equivalent;
approval number 2017/12702) at the Oslo University Hospital
in Norway. All study participants (ie, end users and other key
stakeholders) received written and oral study information and
signed an informed consent form before participation.

Design and Development of the Digital Intervention
The development process started with 2 predesign activities to
prepare for the Design and Operationalization phases to develop
and deliver the digital behavior change intervention. An
overview of the design and development cycles during the
eCHANGE intervention, including activity participation, is
shown in Figure 3.

Representatives of other key stakeholders identified during
stakeholder analysis [32] (eg, health care providers and behavior
Figure 3. Overview of the iterative development process of the eCHANGE intervention, including activity participation (ie, n is the number of
participants), based on the Double Diamond Approach. See Asbjørnsen et al [32,35] for the previous research and development steps. Some participants
(ie, 4 end users and 3 health care providers) participated in >1 activity.*Health care provider (eg, clinicians and researchers/experts in obesity management:
medical doctor, clinical dietitian, exercise physiologist, physical therapist, geneticist, psychologist). **eHealth researcher (eg, registered nurse, clinical
health psychologist, health scientist, specialist health education and promotion).

https://humanfactors.jmir.org/2022/2/e37372

XSL• FO
RenderX

JMIR Hum Factors 2022 | vol. 9 | iss. 2 | e37372 | p. 6
(page number not for citation purposes)

JMIR HUMAN FACTORS

Predesign Phase
Service Design Workshop Mapping Current Health Services
First, a service design workshop [41] was conducted with user
representatives (2/45, 4%) and other key stakeholders (11/45,
24%; ie, health care providers, eHealth researchers, and content
editors) to gain insights into the current health services offered
and to optimize the fit between the context, needs, and
technology to be developed. The first author (RAA; a researcher
and eHealth expert) and a service designer served as workshop
facilitators. To develop a service blueprint [68], visualizing the
current health services from a user perspective (ie, including
user needs and experiences), the workshop (3 hours) focused
on mapping the current health services and user journey (ie,
with sticky notes on a large whiteboard).
Need-Based Persona Development
To create an image of future end users and facilitate an
understanding of their needs and challenges, need-based
personas (ie, user profiles) reflecting a subset of the identified
end user values and needs [32] were developed by a digital
designer, product owner (MO; ie, Scrum) [42], and the first
author (RAA), inspired by existing guidelines [69,70]. A total
of 6 personas were created reflecting the target group aspects
and containing information related to demographics, weight
history, social and health-related factors, habits, and common
everyday challenges and needs (Multimedia Appendix 2). The
personas were used as a design tool to ideate, create, and reflect
on prototypes during the design process, explore how the
solution could be developed, and ensure that some of the
identified key end user values and needs [32] were considered.

Design Phase
Service Design Workshop Related to Existing Evidence and
Content Development
A second service design workshop [41] (4 hours) was performed
with other key stakeholders (10/45, 22%; ie, health care
providers and eHealth, obesity, and behavior change experts).
The aim was to identify evidence-based strategies associated
with successful weight loss maintenance, including but not
limited to existing research from, for example, the US National
Weight Control Registry, determinants of weight loss
maintenance [12,71-74], national [75,76] and international
guidelines for a healthy lifestyle and obesity management
[77-80], and stakeholders’ knowledge and experiences from
weight management interventions. Relevant topics and themes
to include in the content development to meet end user
informational and educational support needs [32] were identified
and facilitated (ie, using sticky notes and a whiteboard) by the
first author (RAA) and a content editor.
Health care providers and researchers (10/45, 22%) from a wide
range of disciplines with expert knowledge of obesity and weight
management (eg, dietetics and nutrition, physical activity,
physiology, medicine, and health psychology) contributed to

https://humanfactors.jmir.org/2022/2/e37372

XSL• FO
RenderX

Asbjørnsen et al
content development (ie, educational material and skills
training). The experts were also consulted throughout the
technology development process to secure high-quality,
evidence-informed intervention content based on existing
evidence and BCTs known to be effective and promising in
supporting weight loss maintenance [32,35].
As indicated in Figure 3, the content development process
underwent several iterations based on end user feedback during
the design process. Content development was led by the PI
(LSN), assisted by content editors, who were responsible for
editing and optimizing all written material (ie, texts, including
images, videos, and voice-to-texts) during the digital
intervention development. The aim was to enhance the value
of the tailored information, feedback messages, educational
material, and skills training included in the intervention. This
was done through close collaboration between multidisciplinary
experts and the research team, coordinated and adapted by
editors, to create positive and meaningful intervention content,
grab end user attention, and motivate change. The language
used (eg, readability, clarity, and tone of voice) was given
particular attention during the content development process.
Co-design Workshops and Low-Fidelity Prototyping
A total of 4 co-design workshops [41] (ie, research and design
cycles, 3 hours each) with end users (15/45, 33%) were
organized to ideate and explore how to meet end user values
and needs to successfully maintain weight loss in the long term
[32]. The prototyping comprised small iterative steps to obtain
information on how to combine and implement PSD principles
and BCTs. Low-fidelity prototypes (ie, paper prototypes and
simple Marvel sketches) [29,46] were developed by the digital
designer, together with participants from the research and
development team, based on the previously identified PSD
principles, BCTs, high-level requirements, and suggested design
features [32,35].
The co-design workshops, facilitated by a service designer and
the first author (RAA), started with an ideation session [41] to
stimulate creativity and develop ideas on how to support 3 of
the identified key values (ie, happiness, social support, and
motivation) [32]: “What makes you happy?” and “How can a
Virtual Coach help you keep focus and stay motivated?”
Low-fidelity prototypes were used to explore and validate the
following design features: (1) personalized self-monitoring, (2)
goal setting and planning, (3) smart feedback (eg, praise,
rewards, reminders, and suggestions), and (4) shaping
knowledge (eg, education and skills training) through various
human-centered design methods (Table 2 and Multimedia
Appendix 3). The participants were encouraged to share, sketch,
and reflect on ideas and paper prototypes during the co-design
workshops. Sticky notes and participant drawings were used to
collect user feedback on how to create an engaging and
motivating self-management technology, supporting healthy
behaviors and weight loss maintenance.
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Table 2. Formative evaluation: detailed overview of methods in the Design and Operationalization phase.
Formative evaluation methods and procedures

Design and operationalization
Co-design and low-

High-fidelity

fidelity prototypinga prototypingb

Agile software
developmentb

A/B testing [43]
✓

Two versions of the design features (eg, horizontal vs vertical weight graph in relation ✓c
to habits), were created, tested, and evaluated during to evaluate users’ preferences and
validate features/concepts
Expert reviews [29]
✓

✓

Compliance with requirements for universal design, data protection by design and by ✓
default, and security guidelines (eg, web Content Accessibility Guidelines 2.0) [81-83]

✓

Operationalization and combination of PSDd principles [55] and BCTse [52]

✓

Scenario based tasks [29]
✓

Four specific scenarios and tasks: animated onboarding and goal setting, creating a
Week Plan, personalization of the intervention, and selecting favorite knowledge and
skills training; after evaluating, if tasks could be successfully completed, the facilitator
asked questions about the user experience
Think-aloud technique [29]
The participant could test the solution as they wished while sharing (ie, think aloud)
what they did and why, accompanied by open-ended questions by the facilitator

✓

✓

✓

✓

✓

The Sauro System Usability Scale [84]
A brief questionnaire about system usability with a 1 (strongly disagree) to 5 (strongly
agree) Likert scale was performed when the participant was alone in the room
a

Workshops facilitated by a service designer and/or first author.

b

Individual sessions facilitated by the Scrum product owner.

c

Indicates which formative evaluation methods were applied.

d

PSD: persuasive system design.

e

BCT: behavior change technique.

High-Fidelity Prototyping and Usability Testing
During the next steps (Figure 3), the aim was to validate and
improve the design features and intervention content at a
high-fidelity level [29] during individual prototyping and
usability testing sessions (45 minutes). A digital prototype of
the intervention, developed using a web-based tool (ie, Marvel
design platform), was presented on a smartphone to give a
real-world look and feel and provide a certain degree of
interaction (ie, gradually more realistic).
As presented in Table 2, a variety of formative evaluation
methods were applied in combination to evaluate the
high-fidelity prototypes and perform usability testing during
the Design and Operationalization phases. The individual
sessions with end users (12/45, 27%), health care providers
(9/45, 20%), and healthy volunteers (4/45, 9%), facilitated by
the product owner (MO), were voice/video recorded, whereas
an observer (ie, digital designer, first author [RAA], or eHealth
expert/content editor) collected notes. Some participants
participated in >1 design and development cycle. The observer
created a report with feedback and suggestions related to the
design, content, and functionality, as well as additional input
(eg, recurrent problems for, barriers to, and facilitators of use).
Stakeholders from the multidisciplinary research and
development team (ie, eHealth researcher, digital designer, and
https://humanfactors.jmir.org/2022/2/e37372
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software developers) contributed to prototype development
based on participant feedback, focusing on graphical and
conceptual design and performing expert reviews during the
design and development process. Table 2 provides an overview
of the formative evaluation methods applied, and Multimedia
Appendix 3 includes additional details about participants
involved.

Operationalization Phase
Agile Software Development
The Operationalization phase centered around the
operationalization of design concepts through short development
cycles based on Agile and test-driven development principles
[43] to deliver a minimal viable product (MVP) for pilot testing
in the real world (ie, ClinicalTrials.gov NCT04537988). The
technology was developed during four incremental development
sprints (ie, Agile software development and Scrum) [85] and is
divided into (1) habit tracking and smart feedback (including
rewards; ie, Week Plan), (2) registrations and self-monitoring
(ie, My Overview), (3) virtual coach and tips (ie, Virtual Coach
and Smart, Tailored Feedback), and (4) animated effects,
knowledge, and strategies (ie, Knowledge and Skills Training).
To optimize the efficiency of the development process, some
of the iterative design and development cycles (ie, sprints) ran
simultaneously.
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To secure flexibility and quick adaptation of features based on
the feedback collected during continuous validation and usability
testing, the development team deployed a web-based software
collaboration tool (ie, on the GitHub development platform)
and daily stand-up meetings (ie, based on the Scrum
methodology) [85]. The high-fidelity prototypes (ie, in Marvel),
together with accessibility guidelines, personas, specified user
stories (ie, functional requirements), and technical stories (ie,
nonfunctional requirements), served as bases for the software
development process. The user stories reflected the user needs
and requirements for a desired feature and were intended to help
the development team understand end user needs in relation to
the system and its context. The user stories were written in an
informal way from the user’s perspective: “As a [description
of user], I want [functionality], so that [benefit].” Examples of
user stories included the following: “as a user, I want to create
my own plan, so that I can choose which habits I want to work
on” or “as a user, I want to receive reminders, so that I do not
forget to work on my habits.”
To maximize value and set the direction for software
development (ie, Agile Scrum team), the product owner (MO)
ensured that the product backlog was up to date (ie, prioritized
list of requirements and acceptance criteria) and secured, along
with the design and development team, rapid delivery of
implemented features, and high-quality software based on user
needs and requirements.

Data Analysis
During the iterative intervention development (Figure 3), data
collection and analysis provided ongoing information on how
to improve the technology (eg, intervention content and
operationalization of the design features). The prototypes
evolved during co-design, rapid prototyping, and usability
testing, where findings from one design cycle served as input
to the next and set the direction for creation and validation of
design features.
Rapid analysis [86] was applied during the design and
development process to ensure that the collected data provided
quick and thorough input to optimize the digital intervention
(eg, actionable suggestions and specification of requirements
through user stories). This included the structuring and
summarizing of notes, including illustrative quotes and
voice/video recordings from usability testing, into themes related
to the design features to elicit input on how to combine and
implement the PSD principles [55] and BCTs [52] into design
features to support end user needs and preferences. In addition,
a more in-depth directed content analysis [87] was performed
to secure evidence-informed development and ensure that no
themes were missed. This included the coding of study
participants’ feedback and suggestions into predefined categories
with respect to design, content, and functionality. The feedback
and findings, including inconsistencies and conflicting needs,
were first reviewed and discussed by the PI (LSN), 2 researchers
(RAA and MLS), the product owner (MO), the digital designer,
and/or a content editor to validate that the intervention content
and design features (ie, PSD principles and BCTs) matched the
identified end user values and needs. Thereafter, the findings
were discussed (until consensus was reached) with participants
https://humanfactors.jmir.org/2022/2/e37372
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from the multidisciplinary research and development team for
continuous evaluation, prioritization, and improvement of
features before the next iteration was conducted.
The product backlog reflected the prioritizations and decisions
made by the research and development team. This was done to
ensure that the selected design features and development of the
intervention (ie, MVP) were in line with end user needs and
preferences and that findings from previous research [32,35],
evidence-informed knowledge, and feasibility considerations
were taken into account before technical adaptations and updates
were executed.

Technical Architecture
The smartphone-based eCHANGE intervention app was
designed and distributed as a native app through official app
stores for iOS and Android. Web technology in a Cordova
container was used, and when in use, all information is stored
locally and encrypted with the Advanced Encryption Standard
algorithm in Galois/counter mode before being written to the
local device file system.
The first time the app runs, a 256-bit encryption key is
generated. Between app invocations, an Advanced Encryption
Standard key-wrapped algorithm with a (wrapping) key acquired
from the user’s personal identification number is used and stored
on the device keychain (ie, based on an existing technology
platform) [88]. The keychain ensures that the mobile device is
protected with a 4-digit personal identification number code or
optional biometric authentication (ie, face recognition or
fingerprint).
When in use, log data (ie, system use, including navigation,
frequency of use, and use of functionalities) and self-monitoring
data are sent through an encrypted channel to a secure server
(ie, Services for Sensitive Data, University of Oslo) for future
analysis and summative evaluation. If interested, the user may
elect to import relevant personal data (eg, number of steps taken
per day and weight measurements) from Apple Health or Google
Fit on their device; however, this integration is neither required
by the research team nor necessary to realize the full potential
of the app.

Security and Privacy Considerations
The eCHANGE intervention was developed by the Department
of Digital Health Research at Oslo University Hospital in
Norway in line with the national and international privacy and
security standards and regulations (eg, Norwegian Digitalization
Agency and European General Data Protection Regulations of
2018) [81-83]. A legal and privacy declaration was included as
part of the information about the app in the settings functions
in accordance with the existing requirements. The procedures
applied in relation to the data protection impact assessment and
risk assessment analysis of the technical solution were approved
by the institution’s Department of Information Safety (approved
in June 2020).
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Results
Overview
This section focuses on the design operationalization of the
incorporated PSD principles and BCTs into design features and
main intervention components to address the following research
question: how can an evidence-informed digital behavioral
change intervention, combining and implementing PSD
principles and BCTs into design features, be designed and
developed to support end user values and needs for long-term
weight loss maintenance?

Asbjørnsen et al
research and development team, and 1 (2%) service designer.
As presented in Multimedia Appendix 4, most end users were
female (12/17, 71%), and the median age was 48 (range 30-63)
years.

Combining and Implementing PSD Principles and
BCTs Into Design Features to Support End User
Values and Needs for Long-term Weight Loss
Maintenance
Identified Design Features

Participants

The various research and development activities performed in
the study explored how a digital intervention can support
identified key end user values (ie, personalized care, feel
supported, positive self-image, health, happiness, motivation,
autonomy, and self-management) [32] to maintain weight after
weight loss. The study co-design and prototype validation
resulted in the selection of 17 design features for (sustainable)
behavior change to be included in the digital intervention
(MVP). Further details are provided in Table 3.

A total of 45 end users and other key stakeholders participated
in intervention development, including 13 (29%) external
stakeholders (ie, n=9, health care providers, including 1 health
care manager and 4 healthy volunteers), 17 (38%) prospective
end users, 14 (31%) stakeholders from the multidisciplinary

The design features and main components of the digital
intervention described in the following sections provide insight
into how PSD principles and BCTs were combined and
implemented to support end user values and needs for long-term
weight loss maintenance.

To meet the diverse and dynamically changing needs of end
users (ie, people aiming to maintain weight after weight loss)
[32], the eCHANGE intervention was developed as a
personalized self-management intervention and delivered as a
smartphone-based app for flexible and easily available weight
loss maintenance support.
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Table 3. Identified design features and main components to support key end user values for long-term weight loss maintenance.
Main components and design features

Key end user values [32]
V1a

(A) Animated onboarding

V2b

V3c

V4d

V5e

V6f

V7g

V8h

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓i

Week Planj
(B) Behavioral planning and goal setting (eg, action and coping planning) ✓

✓

(C) Motivational exercise and realistic goal setting

✓

✓

✓

✓

✓

(E) Personalized self-monitoring

✓

✓

✓

(F) Goal setting target outcome

✓

(G) Automatic integration of data

✓

(H) Visualization of target behavior in relation to target outcome

✓

✓

(I) Educational material and information

✓

(J) Cognitive and motivational exercises

✓

(K) My favorites

✓

(D) Habit rehearsal and tracking
My Overview

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

Knowledge and Skills

Virtual Coach and Smart Feedback System
(L) Virtual coach

✓

a

✓

✓

✓

(M) Animated nudging elements
(N) Praise

✓

(O) Rewards

✓

(P) Reminders

✓

(Q) Suggestions

✓

✓

✓

✓

✓

✓
✓

✓

✓

✓
✓

✓

V1: personalized care.

b

V2: feel supported.

c

V3: positive self-image.

d

V4: health.

e

V5: happiness.

f

V6: motivation.

g

V7: autonomy.

h

V8: self-management.

i

Indicates the design features identified to support the values of end users aiming to maintain weight after weight loss.

j

Indicates the main intervention components.

Design Features and Main Intervention Components
The eCHANGE Intervention
The development of the eCHANGE intervention, incorporating
the 17 design features presented in Table 3, resulted in an
adaptive, interactive, and interconnected concept with four main
components, as shown in Figure 4: (1) Week Plan, (2) My
Overview, (3) Knowledge and Skills, and (4) Virtual Coach and
Smart, Tailored Feedback.
On the basis of end user input wishing for a user-friendly,
motivating, and personal intervention that fits me, an animated
onboarding introduction (ie, design feature A, Table 3) was
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created to present the main features of the eCHANGE app. The
onboarding feature could then be used to record baseline data
(eg, current weight and weight maintenance goal) and tailor the
intervention (eg, motivating messages and suggestions) to
individual goals and needs. A general settings function for
individual system preferences was also created to meet the end
users’ individual preferences and needs for self-management
support. This function evolved based on user and other key
stakeholder feedback (ie, including usability experts from the
multidisciplinary team) and included a range of personalization
options (eg, frequency of reminders, type of feedback messages,
automatic exchange of data, and dark or light mode).
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Figure 4. eCHANGE conceptual design and main intervention components to support end user values and needs.

Week Plan
During the co-design workshops and prototyping sessions, end
users and health care providers emphasized the need for
technology supporting planning and adherence to healthy
lifestyle habits in their pursuit of maintaining weight and
focusing on health and well-being (ie, not only weight). This
included strategies on how to manage high risk situations (eg,
situations with availability of tempting foods/snacks) and help
with impulse control (eg, resistance to impulsive behavior such
as comfort eating) to overcome lapses and prevent relapse into
previous behaviors. One of the participants stated the following:
I would like to create a plan and choose which habits
and goals to work on, kind of like a calendar. [End
user]
A personal Week Plan was subsequently created to meet
individual preferences and needs for healthy lifestyle changes
to maintain weight. Figure 5 shows the eCHANGE Week Plan
screenshot examples and included design features. The Week
Plan contained options to select habits and strategies to work
on from the following 4 categories: eating habits (eg, eating
breakfast, planning meals, and healthy meals/snacking), physical
activity habits (eg, daily walking goal), well-being (eg, sleep,
https://humanfactors.jmir.org/2022/2/e37372

XSL• FO
RenderX

stress management, and mindfulness), and self-regulation
strategies (eg, problem solving, if-then plans, and back-on-track
plan) (ie, design feature B, Figure 5), all associated with
long-term weight loss maintenance [8,12,23,72,73].
Graded tasks (eg, subgoals or easy-to-reach targets) could be
selected by the end user to facilitate self-efficacy and self-belief,
as well as the adoption of physical activity and healthy eating
habits. To support flexibility in planning, the Week Plan
included an option for user-initiated changes whenever needed.
Information about health effects and My favorite tips (eg,
introduction of environmental cues and restructuring of the
physical environment) were also added to the habits and
strategies presented in the Week Plan. This was done based on
user feedback, aiming to provide knowledge and practical tips
on how to adopt and maintain healthy habits as part of their
daily routine. On the basis of suggestions from health care
providers, a motivational exercise inspired by motivational
interviewing techniques [89] was also incorporated to encourage
realistic goal setting and stimulate motivation and self-efficacy
during planning (design feature C, Figure 5). Building on
previous formative results [32], as well as input from end users
and eHealth experts, engaging and motivating design elements
JMIR Hum Factors 2022 | vol. 9 | iss. 2 | e37372 | p. 12
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were added during the Week Plan design process. These design
elements included tracking and monitoring of self-selected
habits (ie, by checking the box in the personal plan; design
feature D, Figure 5), animated prompts when tracking, weekly

Asbjørnsen et al
and monthly rewards related to personal targets, and positive
feedback messages to stimulate motivation and adherence to
healthy behaviors.

Figure 5. Screenshot of the eCHANGE program (ie, dark mode). Week Plan included the following design features: (B) behavioral planning, (C)
motivational exercise and realistic goal setting, and (D) habit rehearsal and tracking.

My Overview
Participating end users highlighted the need for an easy overview
of the progress and performance of behavioral goals related to
their weight maintenance goal, with the possibility of automatic
integration of data (eg, from existing health apps and wearables).
One of the participants stated the following:
I would like to have overview of my data in one place,
to understand what works and does not work in order
to maintain weight [End user]
Despite wishing for ways of monitoring progress, some end
users expressed that they did not want to be forced by the system
to register their weight. In contrast, health care providers
emphasized the importance of daily or, at minimum, weekly
self-monitoring of weight to encourage self-regulation and
prevent regain. On the basis of this feedback, the component
My Overview was created to support self-regulation and facilitate
personalized self-monitoring. Figure 6 shows the eCHANGE
My Overview screenshot examples and included design features.
In response to participant feedback, the possibility of
automatically transferring data (ie, weight and steps) from
existing health apps (ie, Apple Health and Google Fit) was
included in My Overview to simplify self-monitoring and
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facilitate awareness and engagement. Health care providers (ie,
obesity experts) also suggested a traffic light system [90] based
on 3 color zones, as illustrated in Figure 6, design feature H, to
provide visual and tailored feedback based on which weight
zone users are in (ie, in relation to their target weight). The
"green zone" was defined as <1.5 kg (ie, <3.3 lbs) above the
target weight (eg, indicating to be "on track"), the "yellow zone"
was when the weight increase was 1.5-3 kg (ie, 3.3-6.6 lbs)
above target weight, and the "red zone" was an increase of >3
kg (ie, >6.6 lbs) above target weight.
In line with feedback from users not wanting to be forced to
register weight, some end users also reported not wanting to
focus on, or seeing, their body weight all the time and stated
that they wished to be able to use the app in public spaces or
show their progress to family and friends, without revealing
their actual weight. Therefore, My Overview also included
options for the user to choose when to register weight, whether
to visualize actual weight or discrepancy from target weight,
and a hide the weight option by clicking on their current weight.
As end users highlighted holistic self-monitoring as an important
feature, the possibility of monitoring self-selected habits,
physical activity (ie, steps), stress, sleep, and mood over time
was also incorporated in My Overview.
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Figure 6. Screenshot eCHANGE program (ie, light mode). My Overview included the following design features: (E) personalized self-monitoring, (F)
goal setting of target outcome, (G) automatic integration of data, and (H) visualization of target behavior in relation to target outcome.

Knowledge and Skills
Several end users and health care providers in the study
expressed the need for technology with trustworthy information
about weight loss maintenance, including trustworthy (ie,
evidence-based) information about strategies and skills to
support and improve end users’ competence, autonomous
motivation, self-regulation, and the ability to prevent weight
regain. In response to this input, as well as previously identified
end user values and informational support needs [32], a
Knowledge and Skills component was created.
Content for this component was identified through end user and
obesity specialist feedback. For example, the service design
workshop with obesity management and behavior change experts
identified 15 weight loss maintenance–related topics that were
important to include in a weight loss maintenance–specific
Knowledge and Skills section.
During the co-design sessions, end users also emphasized the
need for educational material and information to be provided
in an appropriate and understandable language, with brief textual
information supported by images or videos and an audio option
for listening rather than reading. This was implemented through
iterative stakeholder testing. On the basis of input from end
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users, a My favorite option for the included information or
exercises could also be chosen to facilitate easy access to
relevant content based on individual preferences. Figure 7 shows
eCHANGE Knowledge and Skills screenshot examples and the
included design features.
In the co-design and prototyping sessions with end users and
other key stakeholders, health and well-being, happiness, feeling
of control and mastery, and motivation for long-term change
were also identified. One of the participating obesity experts
stated the following:
Many people lose faith in their capability to maintain
weight [Obesity expert]
To support autonomous motivation, self-belief, positive body
image, self-efficacy, and self-regulation skills to prevent regain,
experts on obesity and behavior change also identified 25
cognitive and motivational exercises to be included in the
intervention. Theory-based exercises in the final eCHANGE
intervention were anchored in BCTs identified as important to
address sustainable behavior change to successfully maintain
weight [32,35] and recognized motivational, self-regulation,
and cognitive behavioral theories [89,91-96]. Table 4 provides
an overview of the topics available in the eCHANGE Knowledge
and Skills section.
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Figure 7. Screenshot eCHANGE program. Knowledge and Skills included the following design features: (I) educational material and information, (J)
cognitive and motivational exercises, and (K) my favorites.

Table 4. Overview over topics and content included in the eCHANGE Knowledge and Skills section.
Topic
number

Topic

Content

1

Introduction

Introduction to the intervention program, main components, and general information about
weight loss maintenance

2

Adaptive thermogenesis and energy balance Information about body/physiological processes and challenges to maintain weight, including
strategies to prevent weight regain

3

What is important to me?

Information and exploration of values; self-image, personal role models, identity, and thought
patterns; value prioritization and life goals

4

How to change habits

About being in charge of own life, the nature of habits, awareness, behavioral patterns, and
habit substitution; thoughts and behavior change and implementation of new habits

5

Becoming friends with the scale

Addresses the importance of self-monitoring and self-awareness for behavior change; thought
patterns, positive self-talk, and self-confidence

6

Goal setting, planning, and problem solving Defining realistic goals, regulation, and planning of healthy habits; relapse prevention and
if-then plans and self-monitoring toward a personal goal

7

Motivation

Identity and values, internal drivers of behavior, types and factors of motivation, self-belief
and behavior, thought patterns and self-belief, motivation, and relatedness

8

Food and drinks

Healthy diet and health effects; food and emotions/stress; healthy behaviors and health behavior change, awareness, habits and routines, nutrition, and healthy eating strategies

9

Physical activity

Physical activity and weight loss maintenance, barriers or physical challenges, strategies on
how to incorporate physical activity into daily life, and training/exercise suggestions

10

Sleep

Information about circadian rhythm and sleep, importance of health, and quality of sleep;
improvement of sleeping routines and health effects

11

Communication

Communication and your surroundings, body language, self-image, and positive self-talk

12

Social support

Types of social support and skills to strengthen social support systems; peer support; social
and environmental cues for healthy and unhealthy habits and stimulus control

13

Thoughts, feelings, and stress

Relationship between thoughts and feelings, thoughts and stress, regulation of emotions and
thoughts, thought reframing, self-efficacy, and positive self-image/self-esteem and body
image

14

Weight maintenance and weight regain

Strategies for successful weight loss maintenance; traffic light system and weight zones;
weight regain and causes; skills for self-regulation, problem solving, and relapse prevention

15

Mindfulness and relaxation

Introduction to mindfulness; practice self-compassion and strategies for stress management,
including relaxation/mindfulness exercises to improve health and well-being
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Virtual Coach and Smart Tailored Feedback
During the ideation and co-design sessions with end users, the
need for positive, tailored, just-in-time support to reinforce
healthy behaviors and motivation to keep up and stay focused
was highlighted. This resulted in the co-design of a virtual
coach, designed as an animated squirrel, as well as a smart
feedback system developed to provide decision support and
stimulate motivation and adherence to healthy behaviors.
Although some end users expressed a wish to create their own
personalized virtual coach, the essential factors, according to
user feedback, involved content and expressions. One of the
users stated the following:
It is not important how it (ie, the buddy) looks, but
what it says and what it does. [End user]
The virtual coach was co-created with end users and other key
stakeholders to facilitate gradual engagement and guide the user
through the first setup of a personal Week Plan and My
Overview. Participating obesity and behavior change experts
stated that the virtual coach should also provide feedback in
line with professional coach advice. This led to the incorporation
of feedback messages developed by health care professionals,
with coaching techniques in accordance with motivational
interviewing [89]. Figure 8 shows the eCHANGE Virtual Coach
and Smart Feedback System screenshot examples and included
design features.
To provide just-in-time support, the automated, smart feedback
system was developed based on real-time self-monitoring data,
dynamically adapting to the user based on a set of rules (ie,
preference based and data-driven algorithms). The feedback
system, developed by software experts in collaboration with
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obesity and behavior change experts, allowed tailoring of the
intervention to individual progress. This included positive
feedback on the performance of the behavior, close to target
behavior; healthy lifestyle suggestions; information about health
benefits of healthy lifestyle behaviors; suggestions to make
healthy choices based on current weight zone (ie, green zone,
yellow zone, and red zone); and help to get back on track (eg,
when in the yellow or red weight zone). Multimedia Appendix
5 provides examples of feedback messages.
End users also reported preferring a virtual coach that would
support habit formation through health-focused suggestions on
how to maintain weight, prompt daily rehearsal of target
behavior, and bring a sense of joy or happiness by suggesting
new habits. Several animated nudging elements were integrated
into the behavioral design during the high-fidelity prototyping
and usability testing (Figure 8, design feature M) to support
these preferences, promote healthy behaviors, and make the
intervention desirable. When testing the intervention following
this incorporation, one of the end users reported the following:
Opening the app puts me in a good mood [End user]
The participating end users and health care personnel also
suggested that the virtual coach should provide reminders that
could stimulate adherence to the Week Plan and self-monitoring
of weight, as well as weekly and monthly rewards to highlight
goal achievement, as presented in Figure 8, design features O
and P. In support of these suggestions, previous findings [32,35],
and input from participating behavior change experts,
encouragement to apply positive self-talk or choose self-selected
rewards in line with individual values were incorporated to
facilitate autonomous motivation and ongoing behavior change,
without threatening autonomy.

Figure 8. Screenshot eCHANGE program. Virtual Coach and Smart Tailored Feedback System included the following design features: (L) virtual
coach, (M) animated nudging elements, (N) praise, (O) rewards, (P) reminders, and (Q) suggestions.
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PSD Principles and BCTs Implemented in the
eCHANGE Intervention

and substitution, shaping knowledge, natural consequences,
associations, antecedents, identity, and self-belief.

To support weight loss maintenance values and the needs of
end users, PSD principles from the 4 categories of the PSD
model by Oinas-Kukkonen [55], such as tailoring,
personalization, self-monitoring, reminders, rewards, rehearsal,
praise, and suggestions, were implemented in the eCHANGE
intervention. The PSD principles were combined with BCTs
from 15 of the 16 BCT clusters from the Michie et al [52]
taxonomy of behavior change techniques, such as goals and
planning, feedback and monitoring, social support, repetition

The PSD principles of personalization and tailoring were
incorporated into all main components to tailor the intervention
to individual preferences and end user needs. For a description
of the design features in the eCHANGE intervention and an
overview of the design features, including PSD principles and
BCTs combined and implemented, refer to Textbox 1 and
Multimedia Appendix 6 [32,35,52,55]. Additional information
about the formative design results from the system usability
check (eg, System Usability Scale score) can be found in
Multimedia Appendix 7 [84].
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Textbox 1. Design features description to support sustainable behavior change and weight loss maintenance.
(A) Animated onboarding
Animated onboarding introduces the app and guidance to create a personal Week Plan and My Overview to shape the future interaction (eg, how the
content is delivered and visualized)
(B) Behavioral planning and goal setting
Supports creation of action and coping plans with self-selected healthy habits and goals, preplanning for potential barriers, and prevention of relapse
(eg, weekend temptations and back-on-track strategies).
(C) Motivational exercise and realistic goal setting
Motivational exercise supports realistic goal setting and creation of a feasible Week Plan; the exercise (eg, self-evaluation bar 1-10) facilitates reflection
and commitment to the plan
(D) Habit rehearsal and tracking
The Week Plan includes a tracking tool to follow up on self-selected healthy habits in a weekly or monthly overview (ie, calendar function), monitor
progress, and support rehearsal and adherence to the plan
(E) Personalized self-monitoring
Personalized self-monitoring allows for registration of body weight, physical activity (ie, steps), perceived mood, stress, and sleep over time; visualized
in a weekly or monthly overview; historical data is available
(F) Goal setting target outcome
Goal setting allows the user to set an outcome goal (ie, weight target/weight maintenance goal); actual weight or discrepancy from target weight (eg,
+3 kg or –3 kg) is visualized in My Overview
(G) Automatic integration of data
Automatic integration of data is available for activity tracking (ie, steps) and body weight (ie, through Apple Health and Google Fit)
(H) Visualization of target behavior in relation to target outcome
A personal visualization of the target behavior(s) (ie, chosen habits) in relation to target outcome (ie, weight) over time in a weekly or monthly
overview through graphs and icons in relation to weight zones (ie, green, yellow, and red); provides means for understanding the link between cause
and effect of behavior and outcome to support awareness, self-reflection, and self-regulation; a progress bar (ie, goal gradient) related to each habit,
visualization of goal progress and adherence to the plan and behavioral performance in relation to individual targets
(I) Educational material and information
Educational material and information through 15 topics related to sustainable weight loss maintenance and behavior change; provided through text
or audio and videos
(J) Cognitive and motivational exercises
Skill training through 25 cognitive behavioral and motivational exercises to support skills related to behaviors, thoughts, and emotions and improve
self-belief (eg, focus on past success and positive self-talk) and continued motivation for sustainable behavior change (eg, identity and personal values)
(K) My favorites
A general personalization feature where the user can mark and view only My favorite tips, skills training, knowledge, exercise, and/or strategies for
easy access to personalized content and decision support
(L) Virtual coach
A virtual coach (ie, animated coach/buddy) provides automated, tailored (decision) support (ie, smart feedback—a data- and preference-driven
algorithm enables smart feedback and tailoring of the intervention), including motivating messages, prompting of weight maintenance strategies,
information about health effects, and self‐reward/self‐praise when reaching goals or performing target behavior. The virtual coach adopts a social,
supportive role (eg, motivating interviewing techniques) and provides real-time progress/performance feedback related to health maintenance behaviors
based on outcome data or weight zones (ie, green, yellow, or red zone in relation to target weight), physical activity data, habit tracking/behavior
self-monitoring, and user data from the past 30 days; in the general settings function, type of feedback messages can be selected based on personal
preferences
(M) Animated nudging elements (eg, prompts/cues)
Animated elements were provided to prompt, encourage, and positively reinforce healthy behaviors and decisions to reach target goals/desired behavior
through enjoyable and surprising animated elements, such as a “heart scale” pop‐up to encourage weight registration, animated effects (ie,
firework/sparks) to stimulate adherence, and animated prompts close to target behavior or to elicit/trigger healthy behaviors
(N) Praise: positive feedback
Praise is provided through positive, tailored feedback messages close to target behavior (ie, real time) when reaching individual goals to recognize
efforts and success and, unexpectedly, to stimulate motivation to sustain a healthy lifestyle
(O) Rewards
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Rewards (eg, medal and confetti) are provided when reaching self‐selected healthy habit targets to highlight goal achievement, facilitate engagement,
and positively reinforce progress (eg, weekly/monthly reward)
(P) Reminders
Reminders through “pop‐up messages” on a mobile device/compatible smartwatch to facilitate engagement and adherence (eg, behavioral practice
and weight registration); personal frequency and type of reminder choice
(Q) Suggestions
Suggestions provided by the virtual coach or through animated prompts/cues to support healthy lifestyle habits (eg, suggestions of healthy habits and
practical strategies in everyday life to keep weight off)

Discussion
Principal Findings
This study provides insights into the design and development
of a digital behavior change intervention called eCHANGE,
which aims to combine and implement PSD principles and
BCTs into design features to support end user values and needs
for long-term weight loss maintenance. The results revealed
specific design features for sustainable health behavior change
to prevent weight regain, combining PSD principles and BCTs,
as well as how these design features could be operationalized
into core components during the design and development of the
digital intervention.

Combining and Implementing PSD Principles and
BCTs Into Design Features to Support End User
Values and Needs for Long-term Weight Loss
Maintenance
On the basis of participant feedback, 17 design features were
identified in this study (Table 3) to support 8 previously
identified key end user values for weight loss maintenance [32].
During the co-design and prototype sessions, the values of
self-management, personalized care, and motivation received
the most attention and feedback from end users. The identified
design features were implemented in the digital intervention
through 4 interconnected main components: Week Plan; My
Overview; Knowledge and Skills; and a Virtual Coach and
Smart, Tailored Feedback System.
The findings indicate that to support the identified,
interconnected end user values and needs [32], digital weight
loss maintenance interventions should include design features
that focus on health and well-being (ie, not only weight);
facilitate the generation of habitual behavior, self-regulation,
autonomous motivation, knowledge, and skills; and provide
positive, tailored support to maintain weight after weight loss
in the long term. Existing research has pointed toward a need
for such an approach [32,35] and that a combination of PSD,
BCTs, and behavior change theories might facilitate the design
of effective technology-based tools and strategies for behavioral
obesity interventions [35,58]. However, to the best of our
knowledge, this is the first study to show how PSD principles
and BCTs can be translated into design features to support end
user values and needs to maintain weight in the long term. In
line with existing research [33,97], the findings indicate a need
for a shift in goal focus from weight to health and well-being.
This may suggest that technologies for digital weight loss
maintenance should aim to support healthy lifestyles and
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sustained motivation in line with the self-determination theory,
supporting psychological needs such as competence, relatedness,
and autonomy [26,92,95]. Digital interventions incorporating
features supporting habit formation in line with self-determined
goals, individual values, and identity, as well as focusing on
meaningful areas such as improved health, might also enhance
a sense of purpose and facilitate long-term health behavior
changes and weight outcomes [17,26,32,98-101]. The results
also indicate that the application of PSD principles from the
primary support, dialogue support, social support, and
credibility support categories might be required to aid weight
loss maintenance and that the application of PSD principles
such as personalization and tailoring of design features is
important to match individual challenges, goals, and key values.
The eCHANGE intervention was developed as a personalized
(adaptive) digital intervention aimed at providing
self-management support for long-term weight maintenance.
The results illustrate how PSD principles can be combined with
BCTs that have been identified [32,35] as effective and
promising in supporting weight loss maintenance and how they
can be integrated into a digital intervention based on
multidisciplinary stakeholder feedback. Existing research has
indicated that BCT combinations targeting motivation and
persistence in health-promoting interventions might increase
the chances of successful health behavior change [102]. A
systematic review identifying active ingredients in complex
behavioral interventions for adults with obesity also indicated
that the inclusion of BCTs in interventions could be beneficial,
facilitating assorted phases of the behavior change process [53].
As such, the adaptive intervention format of eCHANGE can
potentially support the behavior change required to maintain
weight, allowing the user to choose between a number of BCTs
depending on individual needs.
Development of healthy habits and adjustment or breaking of
less healthy habits are required to optimize and maintain the
health benefits of weight loss, as well as maintain new weight,
over time [103,104]. Therefore, self-regulation strategies and
skills are essential to enhance when new physically active
lifestyles or healthy eating patterns are not fully automated and
are likely vital to maintain healthy behaviors and not relapse
into previous habits [26,105]. The findings from this study show
that targeting holistic aspects (eg, cognitive, emotional, social,
and behavioral) of behavior change [103] during the design of
digital technologies may be essential when aiming to deal with
the often multifaceted challenges and needs of weight loss
maintenance [23,32,98]. Informed by the self-determination
and self-regulation theories [91,92,95], some of the features
identified in this study focus on the generation of habitual
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behaviors through recognized self-regulation and habit formation
techniques. The application of habit-forming techniques could
free cognitive capacity to facilitate engagement in desired
behaviors that may help adopt health-related behaviors to
maintain weight loss in the long term [104,106,107]. The
incorporation of BCTs in digital interventions, such as
self-regulatory strategies to bridge the intention-behavior gap
(eg, if-then plans/problem solving), habit-related techniques
(eg, graded tasks), and self-belief (eg, focus on past success,
self-talk), could also be important for targeting specific values
(eg, self-management, motivation, and positive self-image) or
mechanisms of action (eg, behavioral regulation and beliefs
about capability) that may facilitate continued behavior change
and weight gain prevention [15,25,32,104,108-112]. A literature
review aimed at identifying links between BCTs and
mechanisms of action [112] indicated that some of the core
BCTs incorporated in the eCHANGE intervention could affect
behavior change mechanisms (eg, beliefs about capabilities,
behavioral regulation, and motivation), which is in line with
identified weight loss maintenance values and needs [32]. This
underlines the importance of keeping in mind the links among
intervention content, design features, and the values and needs
of the target group when designing and developing digital
interventions for weight loss maintenance.
Human behavior is affected and shaped by a range of individual
factors, including cognitive, psychological, biological, physical,
and emotional factors; habits; values; motivational and
demographic factors; and external factors such as environmental,
cultural, social, and physical contexts in which behaviors occur
[113]. Therefore, when designing digital technologies for
sustainable behavior change, a fit between technological, human,
and contextual factors is required [36,114]. In addition, the
success or failure of digital interventions subsequently depends
on whether individual end user needs are met [32,115]. The
development of technology-supported programs for weight loss
maintenance based on theory, evidence, and person-based
approaches is gradually receiving increased attention [116-119].
The eCHANGE intervention’s value-based approach to eHealth
development, in which PSD principles and BCTs identified to
match end user values and needs [32] were gradually embedded
into the digital technology through the design features,
represents a major novelty. However, how persuasive and
behavior change strategies are operationalized into design
features may affect the usefulness and effectiveness of
technology in terms of health outcome improvements. This
points to potential issues, as the use of digital interventions that
do not fit end user values and needs could affect intervention
acceptance, adoption, and diffusion, indicating that a
person-centered and iterative approach is needed [29,31,32,36].
A recent scoping review examining human-centered eHealth
development indicated that because of the complexity of eHealth
development, multiple strategies and methods should be
combined in line with the research objectives when conducting
such studies [115]. As such, a combination of theory,
research-based, creative, and innovative methods, guided by
the Double Diamond (ie, design thinking process) [65,66] and
the CeHRes Roadmap [29,36] (Figure 2), can be applied to
translate values and needs from ideation to the operationalization
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of design features. The application of co-design and Agile
development methods during this process may increase the
chance that the values and needs of (future) users are met
[43,45,110]. The tailoring and personalization of digital
technologies in line with the values of individuals might be a
promising motivational strategy for continued health behavior
change [32]. Therefore, the human-centered and value-driven
approach can be useful in strengthening the self-regulatory
capacity and autonomous motivation required to achieve
sustainable behavior change [26,32,120]. The application of
theory-based approaches [52,55] when developing complex
digital behavior change interventions such as eCHANGE can
also facilitate specification and transparency of the internal
structure of the technology and may enable the development
and evaluation of high-quality and effective digital behavior
change interventions [29,35,121].

Recommendations for Future Research
Future research should aim to investigate how digital
technologies can be effective in facilitating sustainable behavior
change and successful weight gain prevention and whether the
identified design features, PSD principles, and BCTs contribute
to long-term behavior change and sustainable health effects. In
addition, while sustained technology engagement is not
necessarily needed for a digital intervention to be useful,
long-term weight loss maintenance supported by digital tools
requires some degree of use. The degree of use needed and the
design features that best support engagement and motivation
for continued health behavior change and long-term weight
maintenance are yet unknown. Therefore, future research should
aim to evaluate technology engagement related to individual
differences and the design features or intervention components
that contribute to the creation of engaging technologies
[122,123]. Hence, to optimize the impact of digital health
interventions through personalized design, future research should
also aim to provide more knowledge on how to tailor and
personalize digital weight loss maintenance interventions (eg,
design preferences) to support identified values and needs for
long-term weight maintenance [32].
Finally, studies testing the actual use of the technology (eg,
through log data analysis) may also provide knowledge related
to end user preferences and needs (eg, latent, contextual, and
future needs) and help identify which features may work best
for whom and why to maintain weight. As such, a feasibility
pilot trial may be a cost-effective way of acquiring more
knowledge related to feasibility, desirability, and preliminary
efficacy to support weight loss maintenance [54]. A feasibility
pilot trial can also provide insights into user experiences and
the actual use of the different components of technology to
optimize and tailor digital interventions. Future research should
also aim to evaluate the (long-term) effectiveness of weight loss
maintenance and health-related outcomes through randomized
controlled trials. To find the most effective combination of
design features to support behavior change and weight loss
maintenance over time, experimental designs, such as fractional
factorial designs, could also be performed to test which features
or combinations of features might work best for whom and
when [29].
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Strengths and Limitations
This study had some limitations. First, a few participating end
users were still aiming to reduce their weight, although their
initial goal for weight loss had been achieved. This could be a
limitation for this study as end user needs during weight loss
may differ from needs when aiming for weight maintenance
[32,35]. However, the balance between weight loss and weight
regain likely reflects real-life aspects and challenges related to
weight loss maintenance, and this balance was also reflected in
the technology design (eg, availability of back-on-track
features).
Second, with respect to end user participation, more women
than men participated in the study. There may be gender
differences in weight loss maintenance strategies; therefore,
this gender imbalance may limit the generalizability of the
intervention to men, although several other key stakeholders
participating were men, which might strengthen a more
representative perspective.
Third, the participants in this study reported having a high school
education or higher, which could indicate that this was a fairly
well-educated sample. As such, the sample may not fully
represent the diversity of the future end user population (ie,
people with obesity aiming for weight maintenance after weight
loss). However, existing research demonstrates inconsistent
patterns of engagement and nonuse/attrition with respect to user
characteristics (eg, education, age, and gender) [124,125]. In
addition, the reported expectations and perceptions of a certain
technology might not predict its actual use in practice [29]. To
address these possible limitations, data from this study, as well
as a previous study [32], were used to create user profiles (eg,
need-based personas and user stories) representing potential
end users and to guide the co-design and implementation process
of adaptive, persuasive features to tailor the technology to
individual preferences.
Fourth, because of limited time, resources, and privacy and
security restrictions, some end user/stakeholder wishes (eg,
personalized virtual coach, context-aware suggestions, social
learning, and collaboration with other users) were not reflected
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in the current MVP. On the basis of the nature of Agile
development, the selected design features were prioritized with
respect to practical (eg, privacy and security issues) and
cost-effectiveness considerations (ie, value-based prioritization
based on stakeholder input).
This study has numerous strengths. The focus on high
multidisciplinary stakeholder involvement and end user values
and needs are such strengths. Formative design results from
co-design workshops, prototype validation, and usability testing
with end users and other key stakeholders provided input with
respect to what to deliver, as well as how, to support weight
loss maintenance through design features (eg, content, function,
and design). This highlights the importance of multidisciplinary
collaboration between end users and other key stakeholders
during the design and development of digital interventions to
meet end user values and needs. Another strength is the focus
on, and novelty of, how PSD principles and BCTs can be
combined and implemented into design features of digital weight
loss maintenance interventions. The application of the design
features identified in this study could also be relevant for other
areas requiring continued health behavior change, as the
identified needs might reflect universal values or drivers for
sustained behaviors [32].

Conclusions
To the best of our knowledge, this study is the first to combine
PSD principles and BCTs into design features during the design
and development of an evidence-informed digital behavior
change intervention to support end user values and needs for
long-term weight loss maintenance. The findings indicate that
personalized digital weight maintenance interventions should
aim to support health and well-being by including design
features and strategies supporting the self-regulation of
behaviors, thoughts and emotions, habit formation, autonomous
motivation, competence, skills, and tailored support. The design
and development of the eCHANGE intervention can provide
valuable input for future design and tailoring of
evidence-informed digital interventions, even beyond digital
interventions in support of health behavior change and long-term
weight loss maintenance.

Acknowledgments
This study was funded by the Department of Digital Health, Oslo University Hospital (OUH), and Vestfold Hospital Trust (VHT),
Norway.
This study was part of the larger eCHANGE research project (principal investigator LSN), led by the Department of Digital
Health Research at OUH, in collaboration with the Department of Endocrinology, Morbid Obesity, and Preventive Medicine at
OUH; the Morbid Obesity Center at VHT; the Department of Physical Medicine and Rehabilitation at Sørlandet Hospital; and
the Norwegian Association for People with Obesity, all located in Norway. Collaborators from municipalities surrounding the
larger hospitals, as well as international researchers from the University of Twente, the Netherlands, and the Mayo Clinic, the
United States, were also part of this project. The authors would especially like to thank all study participants, the research and
development team, and the collaborating partners for their valuable contributions and participation in the research and development
of the eCHANGE intervention. The authors would also like to thank the participating hospitals in Norway, VHT, OUH, and
Sørlandet Hospital, for their support, effort, and interest in recruiting participants for this study.

Authors' Contributions
RAA was involved in all phases of the study and worked in close collaboration with LSN (principal investigator who led the
intervention development) and the MO (product owner) during the design and development process. MLS, JH, and MMC
https://humanfactors.jmir.org/2022/2/e37372

XSL• FO
RenderX

JMIR Hum Factors 2022 | vol. 9 | iss. 2 | e37372 | p. 21
(page number not for citation purposes)

JMIR HUMAN FACTORS

Asbjørnsen et al

participated in expert validation, consultation, and evidence-informed content development. LSN, JW, and JEWCvG-P provided
feedback related to the analysis, results, and discussion. All the authors participated in the critical evaluation of the manuscript
during several rounds before providing their final approval for submission.

Conflicts of Interest
None declared.

Multimedia Appendix 1
A design thinking process for eHealth design and development.
[PDF File (Adobe PDF File), 448 KB-Multimedia Appendix 1]

Multimedia Appendix 2
Description of the need-based personas.
[PDF File (Adobe PDF File), 225 KB-Multimedia Appendix 2]

Multimedia Appendix 3
Formative evaluation: detailed overview of methods and participants.
[PDF File (Adobe PDF File), 114 KB-Multimedia Appendix 3]

Multimedia Appendix 4
Overview of end user demographics.
[PDF File (Adobe PDF File), 208 KB-Multimedia Appendix 4]

Multimedia Appendix 5
Virtual Coach and Smart, Tailored Feedback system.
[PDF File (Adobe PDF File), 302 KB-Multimedia Appendix 5]

Multimedia Appendix 6
Overview of design features, persuasive system design principles, and behavior change techniques combined and implemented.
[PDF File (Adobe PDF File), 222 KB-Multimedia Appendix 6]

Multimedia Appendix 7
System Usability check.
[PDF File (Adobe PDF File), 128 KB-Multimedia Appendix 7]

References
1.
2.

3.

4.

5.
6.

Middleton KR, Anton SD, Perri MG. Long-term adherence to health behavior change. Am J Lifestyle Med 2013 Jun
14;7(6):395-404 [FREE Full text] [doi: 10.1177/1559827613488867] [Medline: 27547170]
Lee I, Shiroma EJ, Lobelo F, Puska P, Blair SN, Katzmarzyk PT. Effect of physical inactivity on major non-communicable
diseases worldwide: an analysis of burden of disease and life expectancy. Lancet 2012 Jul;380(9838):219-229. [doi:
10.1016/s0140-6736(12)61031-9]
GBD 2017 Diet Collaborators. Health effects of dietary risks in 195 countries, 1990-2017: a systematic analysis for the
Global Burden of Disease Study 2017. Lancet 2019 May 11;393(10184):1958-1972 [FREE Full text] [doi:
10.1016/S0140-6736(19)30041-8] [Medline: 30954305]
GBD 2015 Obesity Collaborators, Afshin A, Forouzanfar MH, Reitsma MB, Sur P, Estep K, et al. Health Effects of
Overweight and Obesity in 195 Countries over 25 Years. N Engl J Med 2017 Jul 06;377(1):13-27 [FREE Full text] [doi:
10.1056/NEJMoa1614362] [Medline: 28604169]
Obesity and overweight. World Health Organization. URL: https://www.who.int/news-room/fact-sheets/detail/
obesity-and-overweight [accessed 2022-05-03]
Roth G, Mensah G, Johnson C, Addolorato G, Ammirati E, Baddour L, GBD-NHLBI-JACC Global Burden of Cardiovascular
Diseases Writing Group. Global burden of cardiovascular diseases and risk factors, 1990-2019: update from the GBD 2019
study. J Am Coll Cardiol 2020 Dec 22;76(25):2982-3021 [FREE Full text] [doi: 10.1016/j.jacc.2020.11.010] [Medline:
33309175]

https://humanfactors.jmir.org/2022/2/e37372

XSL• FO
RenderX

JMIR Hum Factors 2022 | vol. 9 | iss. 2 | e37372 | p. 22
(page number not for citation purposes)

JMIR HUMAN FACTORS
7.

8.
9.
10.

11.
12.

13.
14.
15.

16.
17.
18.

19.

20.
21.

22.

23.

24.

25.

26.

27.

Saeedi P, Petersohn I, Salpea P, Malanda B, Karuranga S, Unwin N, IDF Diabetes Atlas Committee. Global and regional
diabetes prevalence estimates for 2019 and projections for 2030 and 2045: results from the international diabetes federation
diabetes atlas, 9 edition. Diabetes Res Clin Pract 2019 Nov;157:107843. [doi: 10.1016/j.diabres.2019.107843] [Medline:
31518657]
Wing R, Phelan S. Long-term weight loss maintenance. Am J Clin Nutr 2005 Jul;82(1 Suppl):222S-225S. [doi:
10.1093/ajcn/82.1.222S] [Medline: 16002825]
Montesi L, El Ghoch M, Brodosi L, Calugi S, Marchesini G, Dalle Grave R. Long-term weight loss maintenance for obesity:
a multidisciplinary approach. Diabetes Metabolic Syndrome Obesity Targets Ther 2016 Feb;9:37. [doi: 10.2147/dmso.s89836]
MacLean PS, Wing RR, Davidson T, Epstein L, Goodpaster B, Hall KD, et al. NIH working group report: innovative
research to improve maintenance of weight loss. Obesity (Silver Spring) 2015 Jan 02;23(1):7-15 [FREE Full text] [doi:
10.1002/oby.20967] [Medline: 25469998]
Rosenbaum M, Leibel RL. Adaptive thermogenesis in humans. Int J Obes (Lond) 2010 Oct 11;34 Suppl 1(S1):S47-S55
[FREE Full text] [doi: 10.1038/ijo.2010.184] [Medline: 20935667]
Paixão C, Dias CM, Jorge R, Carraça EV, Yannakoulia M, de Zwaan M, et al. Successful weight loss maintenance: a
systematic review of weight control registries. Obes Rev 2020 May;21(5):e13003. [doi: 10.1111/obr.13003] [Medline:
32048787]
Wang YC, McPherson K, Marsh T, Gortmaker SL, Brown M. Health and economic burden of the projected obesity trends
in the USA and the UK. The Lancet 2011 Aug;378(9793):815-825. [doi: 10.1016/s0140-6736(11)60814-3]
Kastanias P, Mackenzie K, Robinson S, Wang W. Medical complications resulting from severe obesity. In: Psychiatric
Care in Severe Obesity. Dordrecht/Heidelberg/New York/London: Springer; 2017.
Samdal GB, Eide GE, Barth T, Williams G, Meland E. Effective behaviour change techniques for physical activity and
healthy eating in overweight and obese adults; systematic review and meta-regression analyses. Int J Behav Nutr Phys Act
2017 Mar 28;14(1):42 [FREE Full text] [doi: 10.1186/s12966-017-0494-y] [Medline: 28351367]
Gorin AA, Powers TA, Koestner R, Wing RR, Raynor HA. Autonomy support, self-regulation, and weight loss. Health
Psychol 2014 Apr;33(4):332-339 [FREE Full text] [doi: 10.1037/a0032586] [Medline: 23730718]
Hall KD, Kahan S. Maintenance of lost weight and long-term management of obesity. Med Clin North Am 2018
Jan;102(1):183-197 [FREE Full text] [doi: 10.1016/j.mcna.2017.08.012] [Medline: 29156185]
Lawlor ER, Hughes CA, Duschinsky R, Pountain GD, Hill AJ, Griffin SJ, et al. Cognitive and behavioural strategies
employed to overcome "lapses" and prevent "relapse" among weight-loss maintainers and regainers: a qualitative study.
Clin Obes 2020 Oct 07;10(5):e12395 [FREE Full text] [doi: 10.1111/cob.12395] [Medline: 32767708]
Phelan S, Halfman T, Pinto AM, Foster GD. Behavioral and psychological strategies of long-term weight loss maintainers
in a widely available weight management program. Obesity (Silver Spring) 2020 Feb 23;28(2):421-428. [doi:
10.1002/oby.22685] [Medline: 31970912]
Alamuddin N, Bakizada Z, Wadden TA. Management of obesity. J Clin Oncol 2016 Dec 10;34(35):4295-4305. [doi:
10.1200/jco.2016.66.8806]
Wing R, Espeland M, Clark J, Hazuda H, Knowler W, Pownall H, Action for Health in Diabetes (Look AHEAD) Study
Group. Association of weight loss maintenance and weight regain on 4-year changes in CVD risk factors: the action for
health in diabetes (look AHEAD) clinical trial. Diabetes Care 2016 Aug;39(8):1345-1355 [FREE Full text] [doi:
10.2337/dc16-0509] [Medline: 27271190]
Christiansen T, Bruun JM, Madsen EL, Richelsen B. Weight loss maintenance in severely obese adults after an intensive
lifestyle intervention: 2- to 4-year follow-up. Obesity (Silver Spring) 2007 Feb;15(2):413-420 [FREE Full text] [doi:
10.1038/oby.2007.530] [Medline: 17299115]
Greaves C, Poltawski L, Garside R, Briscoe S. Understanding the challenge of weight loss maintenance: a systematic review
and synthesis of qualitative research on weight loss maintenance. Health Psychol Rev 2017 Jun 07;11(2):145-163. [doi:
10.1080/17437199.2017.1299583] [Medline: 28281891]
Pedersen S, Sniehotta FF, Sainsbury K, Evans EH, Marques MM, Stubbs RJ, et al. The complexity of self-regulating food
intake in weight loss maintenance. A qualitative study among short- and long-term weight loss maintainers. Soc Sci Med
2018 Jul;208:18-24. [doi: 10.1016/j.socscimed.2018.05.016] [Medline: 29753930]
Teixeira PJ, Carraça EV, Marques MM, Rutter H, Oppert J, De Bourdeaudhuij I, et al. Successful behavior change in obesity
interventions in adults: a systematic review of self-regulation mediators. BMC Med 2015 Apr 16;13(1):84 [FREE Full text]
[doi: 10.1186/s12916-015-0323-6] [Medline: 25907778]
Kwasnicka D, Dombrowski SU, White M, Sniehotta F. Theoretical explanations for maintenance of behaviour change: a
systematic review of behaviour theories. Health Psychol Rev 2016 Sep 07;10(3):277-296 [FREE Full text] [doi:
10.1080/17437199.2016.1151372] [Medline: 26854092]
Okorodudu DE, Bosworth HB, Corsino L. Innovative interventions to promote behavioral change in overweight or obese
individuals: a review of the literature. Ann Med 2015 May 10;47(3):179-185 [FREE Full text] [doi:
10.3109/07853890.2014.931102] [Medline: 25011006]

https://humanfactors.jmir.org/2022/2/e37372

XSL• FO
RenderX

Asbjørnsen et al

JMIR Hum Factors 2022 | vol. 9 | iss. 2 | e37372 | p. 23
(page number not for citation purposes)

JMIR HUMAN FACTORS
28.

29.
30.

31.

32.

33.

34.

35.

36.

37.

38.
39.

40.
41.
42.
43.

44.
45.
46.
47.
48.
49.
50.

Lentferink AJ, Oldenhuis HK, de Groot M, Polstra L, Velthuijsen H, van Gemert-Pijnen JE. Key components in eHealth
interventions combining self-tracking and persuasive eCoaching to promote a healthier lifestyle: a scoping review. J Med
Internet Res 2017 Aug 01;19(8):e277 [FREE Full text] [doi: 10.2196/jmir.7288] [Medline: 28765103]
van Gemert-Pijnen L, Kelders S, Kip H, Sanderman R, editors. eHealth Research, Theory and Development A
Multidisciplinary Approach. London: Routledge; 2018.
Thomas Craig KJ, Morgan L, Chen C, Michie S, Fusco N, Snowdon J, et al. Systematic review of context-aware digital
behavior change interventions to improve health. Transl Behav Med 2021 May 25;11(5):1037-1048 [FREE Full text] [doi:
10.1093/tbm/ibaa099] [Medline: 33085767]
Michie S, Yardley L, West R, Patrick K, Greaves F. Developing and evaluating digital interventions to promote behavior
change in health and health care: recommendations resulting from an international workshop. J Med Internet Res 2017 Jun
29;19(6):e232 [FREE Full text] [doi: 10.2196/jmir.7126] [Medline: 28663162]
Asbjørnsen RA, Wentzel J, Smedsrød ML, Hjelmesæth J, Clark MM, Solberg Nes L, et al. Identifying persuasive design
principles and behavior change techniques supporting end user values and needs in eHealth interventions for long-term
weight loss maintenance: qualitative study. J Med Internet Res 2020 Nov 30;22(11):e22598 [FREE Full text] [doi:
10.2196/22598] [Medline: 33252347]
Kwasnicka D, Dombrowski SU, White M, Sniehotta FF. 'It's not a diet, it's a lifestyle': a longitudinal, data-prompted
interview study of weight loss maintenance. Psychol Health 2019 Aug 23;34(8):963-982. [doi:
10.1080/08870446.2019.1579913] [Medline: 30905184]
Hutchesson MJ, Rollo ME, Krukowski R, Ells L, Harvey J, Morgan PJ, et al. eHealth interventions for the prevention and
treatment of overweight and obesity in adults: a systematic review with meta-analysis. Obes Rev 2015 May 05;16(5):376-392.
[doi: 10.1111/obr.12268] [Medline: 25753009]
Asbjørnsen RA, Smedsrød ML, Solberg Nes L, Wentzel J, Varsi C, Hjelmesæth J, et al. Persuasive system design principles
and behavior change techniques to stimulate motivation and adherence in electronic health interventions to support weight
loss maintenance: scoping review. J Med Internet Res 2019 Jun 21;21(6):e14265 [FREE Full text] [doi: 10.2196/14265]
[Medline: 31228174]
van Gemert-Pijnen JE, Nijland N, van Limburg M, Ossebaard HC, Kelders SM, Eysenbach G, et al. A holistic framework
to improve the uptake and impact of eHealth technologies. J Med Internet Res 2011 Dec 05;13(4):e111 [FREE Full text]
[doi: 10.2196/jmir.1672] [Medline: 22155738]
Yardley L, Morrison L, Bradbury K, Muller I. The person-based approach to intervention development: application to
digital health-related behavior change interventions. J Med Internet Res 2015 Jan 30;17(1):e30 [FREE Full text] [doi:
10.2196/jmir.4055] [Medline: 25639757]
Simonsen J, Robertson T, editors. Routledge International Handbook of Participatory Design. London: Routledge; 2013.
Kok G, Peters LW, Ruiter RA. Planning theory- and evidence-based behavior change interventions: a conceptual review
of the intervention mapping protocol. Psicol Reflex Crit 2017 Oct 18;30(1):19 [FREE Full text] [doi:
10.1186/s41155-017-0072-x] [Medline: 32026109]
Altman M, Huang TT, Breland JY. Design thinking in health care. Prev Chronic Dis 2018 Sep 27;15:E117 [FREE Full
text] [doi: 10.5888/pcd15.180128] [Medline: 30264690]
Stickdorn M, Schneider J. This is Service Design Thinking: Basics, Tools, Cases. Hoboken, New Jersey, United States:
Wiley; 2012.
Casanova P. Agile processes: a unifying approach for the future of projects. In: Proceedings of the PMI® Global Congress
2013. 2013 Presented at: PMI® Global Congress 2013; Apr 24, 2013; Istanbul, Turkey.
Hekler EB, Klasnja P, Riley WT, Buman MP, Huberty J, Rivera DE, et al. Agile science: creating useful products for
behavior change in the real world. Transl Behav Med 2016 Jun 26;6(2):317-328 [FREE Full text] [doi:
10.1007/s13142-016-0395-7] [Medline: 27357001]
Patrick K, Hekler EB, Estrin D, Mohr DC, Riper H, Crane D, et al. The pace of technologic change: implications for digital
health behavior intervention research. Am J Preventive Med 2016 Nov;51(5):816-824. [doi: 10.1016/j.amepre.2016.05.001]
Sanders EB, Stappers PJ. Co-creation and the new landscapes of design. CoDesign 2008 Mar;4(1):5-18. [doi:
10.1080/15710880701875068]
Roberts JP, Fisher TR, Trowbridge MJ, Bent C. A design thinking framework for healthcare management and innovation.
Healthc (Amst) 2016 Mar;4(1):11-14. [doi: 10.1016/j.hjdsi.2015.12.002] [Medline: 27001093]
Ries E. The lean startup: how today's entrepreneurs use continuous innovation to create radically successful businesses. J
Prod Innov Manag 2012 Mar 19;29(3):508-509. [doi: 10.1111/j.1540-5885.2012.00920_2.x]
Osterwalder A, Pigneur Y, Bernarda G, Smith A. Value Proposition Design: How to Create Products and Services Customers
Want. Hoboken, New Jersey, United States: Wiley; 2014.
Friedman B, Kahn P, Borning A, Huldtgren A. Value sensitive design and information systems. In: Early Engagement and
New Technologies: Opening Up the Laboratory. Dordrecht/Heidelberg/New York/London: Springer; 2013.
Van Velsen L, Wentzel J, Van Gemert-Pijnen JE. Designing eHealth that matters via a multidisciplinary requirements
development approach. JMIR Res Protoc 2013 Jun 24;2(1):e21 [FREE Full text] [doi: 10.2196/resprot.2547] [Medline:
23796508]

https://humanfactors.jmir.org/2022/2/e37372

XSL• FO
RenderX

Asbjørnsen et al

JMIR Hum Factors 2022 | vol. 9 | iss. 2 | e37372 | p. 24
(page number not for citation purposes)

JMIR HUMAN FACTORS
51.

52.

53.

54.

55.
56.
57.

58.
59.

60.

61.

62.

63.

64.

65.

66.
67.
68.
69.
70.

71.
72.

Michie S, Abraham C, Eccles MP, Francis JJ, Hardeman W, Johnston M. Strengthening evaluation and implementation by
specifying components of behaviour change interventions: a study protocol. Implement Sci 2011 Feb 07;6(1):10 [FREE
Full text] [doi: 10.1186/1748-5908-6-10] [Medline: 21299860]
Michie S, Richardson M, Johnston M, Abraham C, Francis J, Hardeman W, et al. The behavior change technique taxonomy
(v1) of 93 hierarchically clustered techniques: building an international consensus for the reporting of behavior change
interventions. Ann Behav Med 2013 Aug 20;46(1):81-95. [doi: 10.1007/s12160-013-9486-6] [Medline: 23512568]
Dombrowski SU, Sniehotta FF, Avenell A, Johnston M, MacLennan G, Araújo-Soares V. Identifying active ingredients
in complex behavioural interventions for obese adults with obesity-related co-morbidities or additional risk factors for
co-morbidities: a systematic review. Health Psychol Rev 2012 Mar;6(1):7-32. [doi: 10.1080/17437199.2010.513298]
Skivington K, Matthews L, Simpson SA, Craig P, Baird J, Blazeby JM, et al. A new framework for developing and evaluating
complex interventions: update of medical research council guidance. BMJ 2021 Sep 30;374:n2061 [FREE Full text] [doi:
10.1136/bmj.n2061] [Medline: 34593508]
Oinas-Kukkonen H, Harjumaa M. Persuasive systems design: key issues, process model, and system features. Commun
Assoc Inf Syst 2009;24:485-500. [doi: 10.17705/1cais.02428]
Kelders SM, van Gemert-Pijnen JE, Werkman A, Seydel ER. Evaluation of a web-based lifestyle coach designed to maintain
a healthy bodyweight. J Telemed Telecare 2010 Jan 19;16(1):3-7. [doi: 10.1258/jtt.2009.001003] [Medline: 20086259]
Geuens J, Geurts L, Gerling K, Croon R, Abeele V. A dyad of lenses for the motivational design of mHealth: bridging the
gap between health theory and app design. In: Proceedings of the 2019 IEEE International Conference on Healthcare
Informatics (ICHI). 2019 Presented at: 2019 IEEE International Conference on Healthcare Informatics (ICHI); Jun 10-13,
2019; Xi'an, China URL: https://ieeexplore.ieee.org/document/8904839 [doi: 10.1109/ichi.2019.8904839]
Sittig S, McGowan A, Iyengar S. Extensive review of persuasive system design categories and principles: behavioral obesity
interventions. J Med Syst 2020 Jun 05;44(7):128. [doi: 10.1007/s10916-020-01591-w] [Medline: 32500161]
Cruz-Martínez RR, Wentzel J, Asbjørnsen RA, Noort PD, van Niekerk JM, Sanderman R, et al. Supporting self-management
of cardiovascular diseases through remote monitoring technologies: metaethnography review of frameworks, models, and
theories used in research and development. J Med Internet Res 2020 May 21;22(5):e16157 [FREE Full text] [doi:
10.2196/16157] [Medline: 32436852]
Taj F, Klein MC, van Halteren A. Digital health behavior change technology: bibliometric and scoping review of two
decades of research. JMIR Mhealth Uhealth 2019 Dec 13;7(12):e13311 [FREE Full text] [doi: 10.2196/13311] [Medline:
31833836]
Moller AC, Merchant G, Conroy DE, West R, Hekler E, Kugler KC, et al. Applying and advancing behavior change theories
and techniques in the context of a digital health revolution: proposals for more effectively realizing untapped potential. J
Behav Med 2017 Feb 5;40(1):85-98 [FREE Full text] [doi: 10.1007/s10865-016-9818-7] [Medline: 28058516]
Sporrel K, Nibbeling N, Wang S, Ettema D, Simons M. Unraveling mobile health exercise interventions for adults: scoping
review on the implementations and designs of persuasive strategies. JMIR Mhealth Uhealth 2021 Jan 18;9(1):e16282 [FREE
Full text] [doi: 10.2196/16282] [Medline: 33459598]
Morrison LG, Yardley L, Powell J, Michie S. What design features are used in effective e-health interventions? A review
using techniques from critical interpretive synthesis. Telemed J E Health 2012 Mar;18(2):137-144. [doi:
10.1089/tmj.2011.0062] [Medline: 22381060]
Schoeppe S, Alley S, Van Lippevelde W, Bray NA, Williams SL, Duncan MJ, et al. Efficacy of interventions that use apps
to improve diet, physical activity and sedentary behaviour: a systematic review. Int J Behav Nutr Phys Act 2016 Dec
07;13(1):127 [FREE Full text] [doi: 10.1186/s12966-016-0454-y] [Medline: 27927218]
What is the framework for innovation? Design Council's evolved Double Diamond. Design Council. URL: https://www.
designcouncil.org.uk/news-opinion/what-framework-innovation-design-councils-evolved-double-diamond [accessed
2022-05-03]
Council B. The Double Diamond. Design Council. URL: https://www.designcouncil.org.uk/news-opinion/
double-diamond-universally-accepted-depiction-design-process [accessed 2022-05-10]
What are overweight and obesity. World Health Organization. URL: https://www.who.int/news-room/fact-sheets/detail/
obesity-and-overweight [accessed 2022-05-10]
Polaine A, Reason B, Løvlie L. Service Design: From Insight to Implementation. Brooklyn, New York, United States:
Rosenfeld Media; 2013.
LeRouge C, Ma J, Sneha S, Tolle K. User profiles and personas in the design and development of consumer health
technologies. Int J Med Inform 2013 Nov;82(11):e251-e268. [doi: 10.1016/j.ijmedinf.2011.03.006] [Medline: 21481635]
Holden RJ, Kulanthaivel A, Purkayastha S, Goggins KM, Kripalani S. Know thy eHealth user: development of
biopsychosocial personas from a study of older adults with heart failure. Int J Med Inform 2017 Dec;108:158-167 [FREE
Full text] [doi: 10.1016/j.ijmedinf.2017.10.006] [Medline: 29132622]
Varkevisser RD, van Stralen MM, Kroeze W, Ket JC, Steenhuis IH. Determinants of weight loss maintenance: a systematic
review. Obes Rev 2019 Feb 16;20(2):171-211 [FREE Full text] [doi: 10.1111/obr.12772] [Medline: 30324651]
Elfhag K, Rossner S. Who succeeds in maintaining weight loss? A conceptual review of factors associated with weight
loss maintenance and weight regain. Obesity Rev 2005 Feb;6(1):67-85. [doi: 10.1111/j.1467-789x.2005.00170.x]

https://humanfactors.jmir.org/2022/2/e37372

XSL• FO
RenderX

Asbjørnsen et al

JMIR Hum Factors 2022 | vol. 9 | iss. 2 | e37372 | p. 25
(page number not for citation purposes)

JMIR HUMAN FACTORS
73.
74.
75.
76.
77.
78.

79.
80.

81.
82.

83.
84.
85.
86.

87.
88.

89.
90.
91.
92.
93.
94.
95.
96.
97.

98.

Wing RR, Hill JO. Successful weight loss maintenance. Annu Rev Nutr 2001;21:323-341. [doi:
10.1146/annurev.nutr.21.1.323] [Medline: 11375440]
Thomas JG, Bond DS, Phelan S, Hill JO, Wing RR. Weight-loss maintenance for 10 years in the national weight control
registry. Am J Prev Med 2014 Jan;46(1):17-23. [doi: 10.1016/j.amepre.2013.08.019] [Medline: 24355667]
Anbefalinger om kosthold, ernæring og fysisk aktivitet. Helsedirektoratet. URL: https://tinyurl.com/4drde7jb [accessed
2022-05-12]
Helsedirektoratet. Forebygging, utredning og behandling av overvekt og fedme hos voksne: nasjonale retningslinjer for
primærhelsetjenesten. Oslo, Norway: Helsedirektoratet; 2011.
The National Weight Control Registry homepage. The National Weight Control Registry. URL: http://www.nwcr.ws/
[accessed 2022-05-04]
Look AHEAD Research Group, Wadden TA, West DS, Delahanty L, Jakicic J, Rejeski J, et al. The Look AHEAD study:
a description of the lifestyle intervention and the evidence supporting it. Obesity (Silver Spring) 2006 May;14(5):737-752
[FREE Full text] [doi: 10.1038/oby.2006.84] [Medline: 16855180]
Jensen MD, Ryan DH, Donato KA, Apovian CM, Ard JD, Comuzzie AG, et al. Executive summary: guidelines (2013) for
the management of overweight and obesity in adults. Obesity 2014 Jun 24;22(S2):S5-39. [doi: 10.1002/oby.20821]
Jensen M, Ryan D, Apovian C, Ard J, Comuzzie A, Donato K, American College of Cardiology/American Heart Association
Task Force on Practice Guidelines, Obesity Society. 2013 AHA/ACC/TOS guideline for the management of overweight
and obesity in adults: a report of the American College of Cardiology/American Heart Association Task Force on Practice
Guidelines and The Obesity Society. Circulation 2014 Jun 24;129(25 Suppl 2):S102-S138 [FREE Full text] [doi:
10.1161/01.cir.0000437739.71477.ee] [Medline: 24222017]
Interpretation and overview of test procedures for WCAG 2.0 A and AA. uutilsynet. URL: https://www.uutilsynet.no/
english/interpretation-and-overview-test-procedures-wcag-20-and-aa/138 [accessed 2022-05-04]
Software development with data protection by design and by default. Datatilsynet. URL: https://www.datatilsynet.no/en/
about-privacy/virksomhetenes-plikter/innebygd-personvern/data-protection-by-design-and-by-default/?print=true [accessed
2022-05-04]
OWASP application security verification standard. OWASP. URL: https://owasp.org/
www-project-application-security-verification-standard/ [accessed 2022-05-04]
Sauro J. A Practical Guide to the System Usability Scale: Background, Benchmarks & Best Practices. Scotts Valley,
California, United States: Createspace Independent Pub; 2011.
Meso P, Jain R. Agile software development: adaptive systems principles and best practices. Inf Sys Manag 2006
Jun;23(3):19-30. [doi: 10.1201/1078.10580530/46108.23.3.20060601/93704.3]
Gale RC, Wu J, Erhardt T, Bounthavong M, Reardon CM, Damschroder LJ, et al. Comparison of rapid vs in-depth qualitative
analytic methods from a process evaluation of academic detailing in the veterans health administration. Implement Sci
2019 Feb 01;14(1):11 [FREE Full text] [doi: 10.1186/s13012-019-0853-y] [Medline: 30709368]
Hsieh H, Shannon SE. Three approaches to qualitative content analysis. Qual Health Res 2005 Nov 01;15(9):1277-1288.
[doi: 10.1177/1049732305276687] [Medline: 16204405]
Ledel Solem IK, Varsi C, Eide H, Kristjansdottir OB, Børøsund E, Schreurs KM, et al. A user-centered approach to an
evidence-based electronic health pain management intervention for people with chronic pain: design and development of
EPIO. J Med Internet Res 2020 Jan 21;22(1):e15889 [FREE Full text] [doi: 10.2196/15889] [Medline: 31961331]
Miller W, Rollnick S. Motivational Interviewing, Third Edition Helping People Change. New York, United States: Guilford
Publications; 1991.
Wing RR, Tate DF, Gorin AA, Raynor HA, Fava JL. A self-regulation program for maintenance of weight loss. N Engl J
Med 2006 Oct 12;355(15):1563-1571. [doi: 10.1056/nejmoa061883]
Bandura A. Social cognitive theory of self-regulation. Org Behav Human Decision Processes 1991 Dec;50(2):248-287.
[doi: 10.1016/0749-5978(91)90022-l]
Ryan RM, Deci EL. Self-determination theory and the facilitation of intrinsic motivation, social development, and well-being.
Am Psychol 2000;55(1):68-78. [doi: 10.1037/0003-066x.55.1.68]
Hayes S, Strosahl KD, Wilson KG. Acceptance and Commitment Therapy: an Experiential Approach to Behavior Change.
New York, United States: Guilford Press; 1999.
Beck J. Cognitive Behavior Therapy Third Edition Basics and Beyond. New York, United States: Guilford Press; 2020.
Deci EL, Ryan RM. Intrinsic Motivation and Self-Determination in Human Behavior. Dordrecht/Heidelberg/New
York/London: Springer; 1985.
Bandura A. Self-efficacy: The Exercise of Control. United States: W H Freeman/Times Books/Henry Holt & Co; 1997.
Hartmann-Boyce J, Nourse R, Boylan A, Jebb SA, Aveyard P. Experiences of reframing during self-directed weight loss
and weight loss maintenance: systematic review of qualitative studies. Appl Psychol Health Well Being 2018 Jul
01;10(2):309-329 [FREE Full text] [doi: 10.1111/aphw.12132] [Medline: 29856139]
Spreckley M, Seidell J, Halberstadt J. Perspectives into the experience of successful, substantial long-term weight-loss
maintenance: a systematic review. Int J Qual Stud Health Well-being 2021 Dec 17;16(1):1862481 [FREE Full text] [doi:
10.1080/17482631.2020.1862481] [Medline: 33455563]

https://humanfactors.jmir.org/2022/2/e37372

XSL• FO
RenderX

Asbjørnsen et al

JMIR Hum Factors 2022 | vol. 9 | iss. 2 | e37372 | p. 26
(page number not for citation purposes)

JMIR HUMAN FACTORS
99.

100.

101.

102.

103.

104.

105.

106.

107.
108.

109.
110.
111.

112.

113.
114.
115.

116.

117.

118.

119.

120.

Silva MN, Vieira PN, Coutinho SR, Minderico CS, Matos MG, Sardinha LB, et al. Using self-determination theory to
promote physical activity and weight control: a randomized controlled trial in women. J Behav Med 2010 Apr
11;33(2):110-122. [doi: 10.1007/s10865-009-9239-y] [Medline: 20012179]
van der Weiden A, Benjamins J, Gillebaart M, Ybema JF, de Ridder D. How to form good habits? A longitudinal field
study on the role of self-control in habit formation. Front Psychol 2020 Mar 27;11:560 [FREE Full text] [doi:
10.3389/fpsyg.2020.00560] [Medline: 32292376]
Natvik E, Råheim M, Andersen JR, Moltu C. An experientially derived model of flexible and intentional actions for weight
loss maintenance after severe obesity. Front Psychol 2019 Nov 13;10:2503 [FREE Full text] [doi: 10.3389/fpsyg.2019.02503]
[Medline: 31798491]
Dusseldorp E, van Genugten L, van Buuren S, Verheijden MW, van Empelen P. Combinations of techniques that effectively
change health behavior: evidence from Meta-CART analysis. Health Psychol 2014 Dec;33(12):1530-1540. [doi:
10.1037/hea0000018] [Medline: 24274802]
Haywood D, Lawrence BJ, Baughman FD, Mullan BA. A conceptual model of long-term weight loss maintenance: the
importance of cognitive, empirical and computational approaches. Int J Environ Res Public Health 2021 Jan 13;18(2):635
[FREE Full text] [doi: 10.3390/ijerph18020635] [Medline: 33451110]
Gardner B, Richards R, Lally P, Rebar A, Thwaite T, Beeken RJ. Breaking habits or breaking habitual behaviours? Old
habits as a neglected factor in weight loss maintenance. Appetite 2021 Jul 01;162:105183. [doi: 10.1016/j.appet.2021.105183]
[Medline: 33651994]
Roordink EM, Steenhuis IH, Kroeze W, Schoonmade LJ, Sniehotta FF, van Stralen MM. Predictors of lapse and relapse
in physical activity and dietary behaviour: a systematic search and review on prospective studies. Psychol Health 2021 Dec
01:1-24. [doi: 10.1080/08870446.2021.1981900] [Medline: 34851220]
Cleo G, Glasziou P, Beller E, Isenring E, Thomas R. Habit-based interventions for weight loss maintenance in adults with
overweight and obesity: a randomized controlled trial. Int J Obes (Lond) 2019 Feb 23;43(2):374-383. [doi:
10.1038/s41366-018-0067-4] [Medline: 29686382]
Cleo G, Isenring E, Thomas R, Glasziou P. Could habits hold the key to weight loss maintenance? A narrative review. J
Hum Nutr Diet 2017 Oct 02;30(5):655-664. [doi: 10.1111/jhn.12456] [Medline: 28150402]
Awoke MA, Harrison CL, Martin J, Misso ML, Lim S, Moran LJ. Behaviour change techniques in weight gain prevention
interventions in adults of reproductive age: meta-analysis and meta-regression. Nutrients 2022 Jan 03;14(1):209 [FREE
Full text] [doi: 10.3390/nu14010209] [Medline: 35011084]
Sheeran P, Webb TL. The intention-behavior gap. Social Personality Psychol Compass 2016 Sep 05;10(9):503-518. [doi:
10.1111/spc3.12265]
Petermans A, Cain R, editors. Design for Wellbeing: An Applied Approach. London: Routledge; 2019.
Olander EK, Fletcher H, Williams S, Atkinson L, Turner A, French DP. What are the most effective techniques in changing
obese individuals' physical activity self-efficacy and behaviour: a systematic review and meta-analysis. Int J Behav Nutr
Phys Act 2013 Mar 03;10(1):29 [FREE Full text] [doi: 10.1186/1479-5868-10-29] [Medline: 23452345]
Carey R, Connell L, Johnston M, Rothman A, de Bruin M, Kelly M, et al. Behavior change techniques and their mechanisms
of action: a synthesis of links described in published intervention literature. Ann Behav Med 2019 Jul 17;53(8):693-707
[FREE Full text] [doi: 10.1093/abm/kay078] [Medline: 30304386]
Michie S, West R, Campbell R, Brown J, Gainforth H. ABC of Behaviour Change Theories. United Kingdom: Silverback
Publishing; 2014.
Desmet PA, Pohlmeyer AE. Positive design: an introduction to design for subjective well-being. Int J Design 2013;7(3):5-19.
Kip H, Keizer J, da Silva MC, Beerlage-de Jong N, Köhle N, Kelders SM. Methods for human-centered eHealth development:
narrative scoping review. J Med Internet Res 2022 Jan 27;24(1):e31858 [FREE Full text] [doi: 10.2196/31858] [Medline:
35084359]
Brindal E, Hendrie GA, Freyne J, Noakes M. A mobile phone app designed to support weight loss maintenance and
well-being (MotiMate): randomized controlled trial. JMIR Mhealth Uhealth 2019 Sep 04;7(9):e12882 [FREE Full text]
[doi: 10.2196/12882] [Medline: 31486407]
Evans EH, Araújo-Soares V, Adamson A, Batterham AM, Brown H, Campbell M, et al. The NULevel trial of a scalable,
technology-assisted weight loss maintenance intervention for obese adults after clinically significant weight loss: study
protocol for a randomised controlled trial. Trials 2015;16:421. [doi: 10.1186/s13063-015-0931-7]
Marques MM, Matos M, Mattila E, Encantado J, Duarte C, Teixeira PJ, et al. A theory- and evidence-based digital intervention
tool for weight loss maintenance (NoHoW toolkit): systematic development and refinement study. J Med Internet Res 2021
Dec 03;23(12):e25305 [FREE Full text] [doi: 10.2196/25305] [Medline: 34870602]
Richards R, Jones RA, Whittle F, Hughes CA, Hill AJ, Lawlor ER, et al. Development of a web-based, guided self-help,
acceptance and commitment therapy-based intervention for weight loss maintenance: evidence-, theory-, and person-based
approach. JMIR Form Res 2022 Jan 07;6(1):e31801 [FREE Full text] [doi: 10.2196/31801] [Medline: 34994698]
Baumeister RF, Heatherton TF, Tice DM. Losing Control How and Why People Fail at Self-Regulation. Amsterdam,
Netherlands: Elsevier Science; 1994.

https://humanfactors.jmir.org/2022/2/e37372

XSL• FO
RenderX

Asbjørnsen et al

JMIR Hum Factors 2022 | vol. 9 | iss. 2 | e37372 | p. 27
(page number not for citation purposes)

JMIR HUMAN FACTORS

Asbjørnsen et al

121. Michie S, van Stralen MM, West R. The behaviour change wheel: a new method for characterising and designing behaviour
change interventions. Implement Sci 2011 Apr 23;6(1):42 [FREE Full text] [doi: 10.1186/1748-5908-6-42] [Medline:
21513547]
122. Kelders SM, Kip H, Greeff J. Psychometric evaluation of the TWente Engagement with Ehealth Technologies Scale
(TWEETS): evaluation study. J Med Internet Res 2020 Oct 09;22(10):e17757 [FREE Full text] [doi: 10.2196/17757]
[Medline: 33021487]
123. Yardley L, Spring BJ, Riper H, Morrison LG, Crane DH, Curtis K, et al. Understanding and promoting effective engagement
with digital behavior change interventions. Am J Prev Med 2016 Nov;51(5):833-842. [doi: 10.1016/j.amepre.2016.06.015]
[Medline: 27745683]
124. Neve MJ, Collins CE, Morgan PJ. Dropout, nonusage attrition, and pretreatment predictors of nonusage attrition in a
commercial web-based weight loss program. J Med Internet Res 2010 Dec 14;12(4):e69 [FREE Full text] [doi:
10.2196/jmir.1640] [Medline: 21156470]
125. Sieverink F, Kelders S, Poel M, van Gemert-Pijnen L. Opening the black box of electronic health: collecting, analyzing,
and interpreting log data. JMIR Res Protoc 2017 Aug 07;6(8):e156 [FREE Full text] [doi: 10.2196/resprot.6452] [Medline:
28784592]

Abbreviations
BCT: behavior change technique
CeHRes: Center for eHealth Research and Disease Management
MVP: minimal viable product
OUH: Oslo University Hospital
PI: principal investigator
PSD: persuasive system design
VHT: Vestfold Hospital Trust

Edited by A Kushniruk; submitted 17.02.22; peer-reviewed by M Canazei, L Guo; comments to author 15.03.22; revised version
received 29.03.22; accepted 22.04.22; published 27.05.22
Please cite as:
Asbjørnsen RA, Hjelmesæth J, Smedsrød ML, Wentzel J, Ollivier M, Clark MM, van Gemert-Pijnen JEWC, Solberg Nes L
Combining Persuasive System Design Principles and Behavior Change Techniques in Digital Interventions Supporting Long-term
Weight Loss Maintenance: Design and Development of eCHANGE
JMIR Hum Factors 2022;9(2):e37372
URL: https://humanfactors.jmir.org/2022/2/e37372
doi: 10.2196/37372
PMID:

©Rikke Aune Asbjørnsen, Jøran Hjelmesæth, Mirjam Lien Smedsrød, Jobke Wentzel, Marianne Ollivier, Matthew M Clark,
Julia E W C van Gemert-Pijnen, Lise Solberg Nes. Originally published in JMIR Human Factors (https://humanfactors.jmir.org),
27.05.2022. This is an open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in JMIR Human Factors, is properly cited. The complete bibliographic information,
a link to the original publication on https://humanfactors.jmir.org, as well as this copyright and license information must be
included.

https://humanfactors.jmir.org/2022/2/e37372

XSL• FO
RenderX

JMIR Hum Factors 2022 | vol. 9 | iss. 2 | e37372 | p. 28
(page number not for citation purposes)

